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EVALUATION

The objective of this effort was to electrically characterize several state-of-
the-art semiconductor memories, and using the results then generate draft MIL-M-
38510 specifications. The devices selected for this program and their correspond-
ing "slash sheet" numbers are as follows: 16K bit electrically-erasable PROM
(EEPROM) organized as 2KxS, designated /226; enhanced features 16K EEPROM,
designated /227; 64K bit ultra-violet erasable PROM (UVEPROM) organized as

Kx8, designated /223; 32K bit Fusible-Line PROM (FPROM) organized as 4Kx8,
designated /211; 16K bit NMOS static RAM (SRAM), organized as either l6Kxl or
2Kx8, designated /290, and 16K bit CMOS SRAM, organized as 2Kxg, designated
/291. Most testing was accomplished using a Tektronix S3270 Automatic Tester;
where machine limits were exceeded, bench techniques were employed.

This report contains data summaries and discussions of the characterization
results. The specifications which resulted will allow the procurement of reliable
military grade products, thereby enhancing the reliability of military systems. The
draft specifications themselves are not included in this report; copies can be
obtained from the Defense Electronics Supply Center, Dayton OH.

CHARLES H. WINDISCH, JR.
Project Engineer
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1. INTRODUCTION

The overall objective of this work was to characterize the following
device types and to verify or develop as applicable MIL-W-38510
specifications for these types.

64K UV-D
16K Static RA
32 S
16 Input pr-ogramable array logic (PM.)
16K registered output MMC
16lK UWUO

The characterization task involved the following related efforts:

a. market survey and selection of candidate device types. Device
availability and c-ments that MC receives from users who
have a need for specific militarized comonents are significant
factors in component selection.

b. development of automatic test capability. accumulation and
reduction of characterization data.

c. assessment of interchangeability among devices from different
vendors.

d. development of preliminary slash sheets based on device analysis
and vendor coents.

The development of test procedures includes test pattern sensitivity
testing to determine optium patterns that require short test times but
have an effectiveness equal or nearly equal to mch longer more
exhaustive patterns.

2. aT CA PAsILIT

The development of test capability for each device type was preceded
by the generation of a tet plan which listed all parmters selected for
testing and also listed the temperature. voltage and current conditions.
An exale of a tet plan Is contained in APENDIX A. the test plans
not only defined the scope of work to be performed by the test engineers
but also served to identify the software and hardware developments that
could be applied to more then one device type. The following subsections
describe the more significant aspects of the test capability.
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2.1 Automatic Test Equipment

Two ATE systems were utilized: the Tektronix S-3270 LST Test System
for the AC and DC parametric testing and the Hewlett Packard(HW)-l000
Data Acquisition System for EPoR endurance verification. The 5-3270
contains an 1804 test table capable of interfacing 64 input and 64 output
pins. Capabilities of the GE system that were used on this contract
effort include:

a. 14 programmable clock phases (10 drive, 4 compare) with Ins

resolution

b. functional testing at speeds up to 201M4z

c. DC measurements: force V. measure I: force 1. measure V

d. device under test (DUT) temperature control from -60* to 160*C

e. data logging and reduction

f. computer graphics display

g. Pattern RAN (PRAM) which can apply predefined test patterns in
an algorithmically determined sequence

h. 2942 Programmable Pattern Generator designed to
algorithmically generate address and data patterns in
sequences especially suited for static and dynamic RAN testing

i. EH5I01A pulse generators with delay. width. repetition rate,
and rise/fall times programmable via test software

The interface between the DUT and the S-3270 test system was
implemented with a socket card adapter (SCA). The SCA mates with the
tester and provides a surface area for the DUT socket and for special
purpose circuitry to enhance measurement accuracy or provide a unique
function required during the test (e.g. a waveshaping circuit for driving
the programming pin of an uPtON).

The H1P-1000 Data Acquistion System contains an HP-100 computer with
two hard disk drives. An integral part of the system Is an IM 488 bus
to cominicate with compatible equipment such as digital multimeters.
signal generators. etc. Also included is a measurement control
processor, which with several addressable 1/0 channels, serves as a
general purpose data link to communicate with user designed circuitry.
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2.2 Incoming Tests

The incoming tests were designed to identify gross failures of newly

received parts. Static RANs were functionally tested with a data and
address pattern that verified cell uniqueness. The 16K SEPRONs and 64K
UV-HPROKs were tested after loading with a checkerboard pattern or with
the pattern shown in Figure 2.2. The taster's functional comparators
were programmed to verify the output logic levels during functional
testing. in addition. supply current was measured. Fuselink devices
were screened to verify that all fuses were intact. Supply current and
the output voltage level resulting from unprogramed bits were also
verified.

2.3 DC Parameters and Conditions

The DC tests for the various device types were selected, as
appropriate, from the following list:

input current
output leakage current
input clamp diode voltage
input threshold voltage
output voltage
input/output capacitance

Although listed here as DC parameters. capacitance and thresholds were
measured under dynamic conditions. Input/output capacitance was measured
while applying an AC signal of lIUz and 50mVp-p using a Boonton 11A
capacitance meter. The remaining DC measurements were done in the
classical manner. That is, a specified voltage or current was statically
applied and the resulting current or voltage measured. The VCC level was
that which provided a worst case measurement.

Input thresholds were measured while applying a dynamic functional
pattern, such as marching. to the device. The device cycle times were
extended to values that allowed device and system noise transients to
settle out before the data from the DUT was checked for accuracy. The
pins not currently selected for measurement were given input high (VI)
and input low (VIL) voltage levels of 3.0 and 0.OV respectively. When
measuring VIM threshold on a selected pin. VIL was set to 0.OV. Starting
with a low and failing value. VIM on the selected pin was incrementally
increased at each execution of the dynamic functional pattern until a
value was found that allowed the device to pass. That value was
designated the YIN threshold.
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Similarly when VIL threshold was being determined, VIM was set to
3.0V. Starting with a high and failing value, VIL was incrementally
decreased at each execution of the test pattern until the device passed.
That value was designated the VIL threshold.

Prior to the DC tests, all programmable parts were programmed with
the data patterns developed for AC testing. The data patterns are
described in more detail In the section discussing test patterns.

2.4 AC Characterization Techniques

The general philosophy for the development of AC functional
characterization capability required that the following be verified or
established:

a. output voltage limits under loaded conditions

b. input voltage dynamic operating limits

c. input and output timing limits under dynamic functional
conditions

d. functional integrity

e. performance over the -55* to 125"C temperature range and
the 4.5 to 5.5v VCC range

During the characterization of a particular timing parameter, all
other parameters are set to vendor specified limits or to more optimal
values. This criteria insures that as the selected parameter is adjusted
toward Its operating limit, a failure is due to that parameter. The
method used to isolate a parameter limit was the binary search.

2.4.1 Software

2.4.1.1 Binary Search

A classical technique for characterizing an AC parameter involves
incrementally adjusting the parameter through a predetermined range and
recording a test pattern pass/fall response at each parameter setting. A
plot of the responses versus magnitude of the parameter will exhibit the
operating limit (pass/fail boundary) but only to the accuracy of the
Incremental step size. Increased accuracy requires the use of smaller
steps, which Implies a larger number of test executions. A total of 31
test executions are required if the range is 300ns and the step size is
iOns.

4
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The VLSI memory effort made use of a binary search technique to
determine the operating limit of each selected AC paramter. a binary
search isolated the parinter pass/fell boundary within a range of
values, by repetitively testing the device and eliminating one half of
the then current range of values. The half that Is eliminated Is based
on the outcome of the test. The half that is retained encompasses the
pass/fall boundary.

The initial range of values for a parameter is made sufficiently
wide to guarantee that the operating limit (pass/fall boundary) is
enclosed. Therefore the device will fail with the parmter set to one
end of the range and Is expected to pass with the parameter set at the
other end. The value at the 'passing" end is equal to the vendor
specified limit or to a less stringent value. If a device falls a test
at that value, characterization of that parameter is terminated.

when a device passes testing with the parameter set at the passing
end of the range, the parameter is set to the middle of the range and
tested again. A subsequent pass results in the passing end of the range
being pulled in to the parameter value. A failure would cause the
"failing" end of the range to be pulled in to the parmeter value. This
process cuts the range size in half. After readjusting the range. the
parameter Is again set to the middle of the range before the test pattern
is again executed. On each repetition of this process. the range is
reduced by one half. but the range continues to enclose the operating
limit of the parameter. When the range is ns wide, the passing end is
the desired worst case operating limit.

The number of steps, n. to reduce a range. r, to z re can be found

through the relationship

x(2**n) - r.

Therefore.

n w (In r/x)/(ln 2).

For an r of 300ns and z - lOns. n would be 4.9. Since n is not an
integer. 5 steps would be performed to isolate the value to less than
IOns. This is in sharp contrast to the 31 steps required in the
classical approach.
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2.4.1.2 Parameter Arrays

In order to standardize S-3270 AC tests which could be used for
different memory types, an array driven test was developed. An array
containing all necessary timing conditions based on vendor specifications
was developed for each device type to be characterized. The test program
accesses the appropriate array for the timing information to be applied
during the dynamic functional tests. An example of an array is shown in
Figure 2.1. Each row in the array contains the timing information and
identifies the test routine applied during the characterization of one AC
parameter. The first and second columns contain mnemonics and an
assigned number that identify the parameter associated with each row.
The third column indicates the initial range that the binary search will
utilize. The fourth column lists the address test pattern to be applied
and the remaining columns indicate the timing conditions of the device
inputs and the tester data strobe.

2.4.1.3 Test Patterns

Address Patterns

Several types of address patterns were used for the AC
characterization and pattern sensitivity testing. The type of pattern
used during a particular measurement depended on the device type.
execution time and estimated effectiveness. The patterns selected are
identified in the text covering each device type. The following is a
list of pattern types used:

Harch
Address Complement
Row Complement (at each column)
Column Complement (at each row)
Gallop

Appendix C contains a description of the test patterns. Although many
RAN and RON address patterns are the same. the RAN patterns incorporate
data patterns for write operations.

Input patterns for the PAL devices do not follow a structured flow

as for the ROM and RAMs. PALs were treated as non-homogenous mixtures
of combinational and sequential logic (as they are in application). Thus
the input patterns are pseudo random. but exhaustively check all
programmed and unprogrammed fuses.

6
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Data Patterns

The data pattern such as that Illustrated in Figure 2.2 was applied
to each RON device (except Registered Output PIM). In the figure, Nc
represents the maximum coluam address and Mr the maximm row address. It
was ideally suited for the row/colum patterns where the column decoder
is stable while the row decoder is exercised and vice versa. The pattern
is designed such that the G bit data word at each colum address within a
single row is unique. Also. the 8 bit data word at each row address
within a single column is unique. Using this data pattern. row/column

address patterns such as row and column complement can be used to verify
address uniqueness.

For the PAL devices, four separate fuse patterns were developed to
collectively verify the ability to program any fuse, verify logic
integrity and to verify that fuses left intact are actually conductive.
A device can receive only one fuse pattern, but each of the four patterns
will be programed into several devices. These four fuse patterns are
displayed in Appendix B.

2.4.2 Hardware

2.4.2.1 Output Loads

Since each vendor guarantees that his device will meet its VOH and

VOL specifications. the output loads used during AC testing are designed
to provide maxima specified current loading at these voltages. Figure
2.3 illustrates an output load. Resistor RL was selected to provide the
maxima load current at the maximm allowed output logic low voltage. RH
provides maximum load current at the minimm allowed logic high voltage.
The 50p1 capacitance includes the parasitic capacitance of the test
equipment.

To verify that the outputs reach their specified voltage limits, in
an AC environment. the test system detection thresholds were set to those
voltage limits during the AC parameters characterization.
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Figure 2.1 Parameter Array Example

Column Address 0 1 2 3 . . Nc

Row Address 0 0 1 2 ....

1 1 2 3 . . . .

2 2

3 . .

Nr . .

Figure 2.2 ROM Data Pattern

Figure 2.3 Output load for AC Tests
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2.4.2.2 Disable Time measurement Circuit

Two methods were considered for use in measuring the delay from the
output disable (or chip disable) signal to the point at which the DUT
output reaches the high Impedance state. One method measured the delay
from the disable signal to the point at which the output voltage has
changed by 0.5V as it transits toward the high impedance voltage from
a stable logic output voltage. The high impedance voltage is dictated by
the load circuit of Figure 2.3 which was connected to the output when
making the measurement. This method of measurement yields values that to
a great extent rely on the RC time constant of the output circuit. Once
the output does turn off. the voltage on the output is the voltage seen
across the load capacitance which discharges through RH or charges
through RL and the diode to 2.5V depending on the logic state before
cutoff. This method of measurement can be automated and was thus chosen
for the MIL-M-38510 draft specifications developed as part of the
contract effort. This method does assume an output is disabled (after it
has changed by 0.5v) when it may actually still be partially enabled.
However. it provides a measurement value that indicates when the output
is at a resistive condition that can withstand an externally applied
voltage from another device output such as that found on a data bus.

The second method of measurement used the circuit shown in
Figure 2.4. This method measures the current flow from the output pin in
order to determine the point at which the current falls to zero. During
the measurement the EUT output was connected to the load circuit shown in
Figure 2.3 via the series resistor RS. The resistor is used to develop a
voltage that is proportional to the output current. The resistance was
kept relatively small to minimize its effects on the voltage across CL.
For most device types RS was 75 ohms when the measurement required the
output to transition from a logic zero to a high impedance state and
240 ohms when the measurement required the output to transition from
a logic one to the high impedance state.

Figure 2.4 illustrates the scope probe locations for taking the turn
off delay measurements. Low capacitance probes were used. Also shown
are sketches of the resulting waveforms when both probe signals are
superimposed on one another using the identical vertical gain and zero
volt reference. Since the difference between probe I and probe 2
voltages indicates that output current is flowing, one can determine the
point at which the current falls to zero. This is the point at which the
output is effectively in the high impedance state.

This method also has an inherent problem. The parasitic capacitance
of the device output my continue to discharge long after the output has
cutoff. The discharge current through the series resistor is therefore
measured as output current by this method. A theoretical analysis has
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4 Figure 2.4 Output Load Circuit and Waveforms

k for Turn-Off Tim Measurements
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shown that for some various device types and output load conditions, this
discharge current can still be flowing after the output voltage has
changed by 0.5V, the cutoff reference used by the other measurement
method. This current measurement is difficult to automate and experience
has shown that some judgement is required in identifying the precise
point at which the current stops flowing. In addition great care is
required in the calibration of the probes. A small adjustment error
results in a significant measurement error. An advantage of this
technique is that it yields values indicating when all current flow has
stopped, and thus indicates a "worst case" turn off time. The voltage
method does not provide a similar worst case number.

Data was taken on all device types using the current measurement
technique. For some device types the voltage method was also used.
The individual device sections discuss the data.

2.5 Pattern Sensitivity Testing

Several test patterns were utilized to take AC parameter
measurements at 25eC in order to identify patterns which result in the
greatest access times. The actual patterns used and the results are
discussed in the individual device sections. For Ran device types. an
underlying objective was to verify that the row/column complement pattern
in conjunction with the data pattern like that of Figure 2.2 would be an
effective MIL-w-38510 specified pattern for assuring AC and functional
performance.

2.6 Programing Characterization Techniques

The objective of the program parameter evaluation was to apply
parameter values within and sufficiently beyond the manufacturers'
specified limits to verify that the limits are adequate. The
verification centered on program pulse width and amplitude. For some
devices, time and ease of implementation permitted addressing pulse
transition times and associated setup and hold times. The following
subsections describe the various hardware techniques that were developed
for this phase of the characterization.

2.6.1 ISPRON Programing Circuitry

The programming pulse applied to the VPP pin of the DIOM requires
a leading edge that follow an RC time constant. The circuit in Figure
2.5 was Installed on the SCA for the ERPWM in order to apply a selection
of rise times to the VPP pulse.

11
.t ,.~' .

le



Vl-Vpp+1.4V

1OK

S-3270 7 

Q2

C2 I Q3

A TI T T - 7,1V p in

Cl - .0359uF

C2 - .047uF
C3 - .060uF
C4 - .072uF

Figure 2.5 EEPROH Programming Circuit
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Four capacitor values or* independently selected via relays
controlled by the 8-3270. with 91 cutoff, the appropriate capacitor
charging to VI through the IOK ohm resistor provides a VWP pulse with the
desired rising edge at the emitter of 03. The width of the VPP pulse is
determined by the length of time 9l is held in the cutoff condition. To
terminate the VPP pulse a logic low signal is issued from the 5-3270 to
the 7404 which in turn, applies a logic high to the Q1 base resistor
causing QI to conduct. This action quickly discharges the selected
capacitor through the 294 ohm resistor. The 294 ohm value was selected
to provide a fixed VP, pulse fall time of approximately 10 to 30u
depending on the capacitor selected. The .V supply provides a 5V DC
level to the VIpin in the absence of a programing pulse.

2.6.2 BR36M ltidurance Circuitry

The circuit shown in Figure 2.6 was Implemented to interface the
H11000 Data Acquisition System to four NORM during endurance testing.
The address. data. VPP and O3 pins for each device ware all driven from
coemon sources. During a read operation. chip erase. output enable and
program control inputs are at logic low values. This cuts off all
transistors forcing a logic low at all output enable inputs and a logic
high (via the forward biased diode in the prograing circuit) at all V
pins. While enabling a single chip, the address inputs were cycled
through all locations and the date outputs were observed for the correct
data. Bach chip was individually selected and read in this manner.

During a chip erase cycle the output enable control was forced to a
logic high value causing 92 to conduct. placing an approximate 5V level
on all output enable pins. All chips were enabled to allow a
simultaneous erasure. At the appropriate time in the erase cycle, chip
erase control is forced high causing Q1 to conduct, connecting an
approximate ll.WV level on the output enable inputs thus initiating an
erase of all cells. After the desired length of time, chip erase control
is returned to a logic low terminating the erase mode.

To effect a program cycle, a single chip Is enabled and the
addresses are cycled through all locations. At each address cycle the
desired data word is placed on the data 1/0 bus and the program control
input is pulsed high. causing 93 and 94 to conduct. The .06uFcapacitor charges through the lO olm resistor controlling the rise time
of the Q3 base voltage and. therefore. that of the VW pulse. Vhen the
progrm control goes low, the capacitor is quickly discharged through the
300 ohe resistor and the VPP voltage returns to the voltage resulting
from the diode cla. All chips are programed in sequence.
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2.6.3 16K Registered output iaw Prgrining Circuitry

The scheitic in Figure 2.7 illustrates the circuit used an the OM
to provide the program level voltage pulses to the output pins of the i6
Ima and the circuit used to supply a bilevel voltage pulse to the VOC
pin. A 8-3270 driver controlled by the software triggers the =I50A
pulse generator. The generator output pulse. hose parmters are
selected by the softwre, is fed to the nmo-inverting lNut of the
operational alifler (op-am). lbs op-smp, providing a gain of 2.4
controls the Q1 base voltage and thus controls the voltage applied to the
selected output pin via the comin bus of the 8-3270. The V67 supply at
the collector of Q1 furnishes the bulk of the DOW current.

A second 8-3270 driver applies a bilevel voltage to transistor 92.
The VCC pin of the Dmn thus sees a bilevel voltage wuich is normlly 9V
but quickly pulses to 6V during fuse programming.

2.6.4 PAL Programm ing Circuitry

The PAL devices required multi-level VCC voltages at approximately
400mh during progrmiing. The circuit in Figure 2.6 was developed to
provide the necessary voltage levels and current capability. Four 8-3270
drivers were wire OK'd at the base of 91 as shmm. Bach driver was
progrmmed to output a pulse of unique level. width and phase. The most
positive pulse currently applied sets the voltage seen at the VCC pin.
By proper selection of the four pulse paraimters, the result at the vC
pin will be sialliar to the waveform showm in Figure 2.8.
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3. 16 K EPROM

3.1 Introduction

The 2816 REPROM is a 16,384 bit electrically erasable PROM device

ottered by Intel and National. The 2816 has the tollowing special

teatures:

1. lOmS bulk or byte erase in PC sockets
2. Programing in PC sockets

(10mlS for byte, 20s for entire chip)
3. Mon-volatile storage >10yrs
4. Pin compatible with previous PROMs
5. Moderate access time (25OnS)

EPROM's use a tloating-gate tunnel-oxide process. In this process,

charge is stored on a polysilicon gate which is surrounded by a silicon

dioxide layer. The silicon dioxide layer provides excellent insulation

and ensures that charge stored on the gate will remain tor long periods
ot time(>10yrs). Erasing and writing in the cell is accomplished through

a thin oxide layer (200 angstroms thick) using an electron transter

mechanism called Fowler-Nordheim tunneling. This mechanism may be

explained as tollows; given a sutticient tield strength, electrons will
jump the torbidden gap and travel from the gate to the substrate. This

process is bilateral and therefore can be used to both erase and write

into the cell.

From a user point ot view, 21 volts must be applied to the device

during erasing and writing to provide the necessary tield strength. hen

a low potential is applied across the gate to substrate, the oxide layer

acts as a near perfect insulator. Charge stored will remain for greater

then 10 years. The device can be read an unlimited number of times
without charge degradation. However, the number of erase and write

cycles that the device can withstand is not unlimited. After

approximately 10.000 cycles, the device's ability to store charge
degrades.

The 2816 memory is configured 2K X 8. Information is stored in a

126-row. 128-column matrix. A two line chip--select(CS).output enable(O)
control architecture, similar to the older 2716 UV-EPROM. Is used.

This type ot control architecture allows the device to have a power-down

standby mode and the capability to avoid bus contentions.

The 2816 can be bulk erased or byte erased. Doth ot these

operations require a lOmS. 21V programing pulse. The rise time ot this

pulse must contorm to an RC time constant ot 600uS (nominal) to prevent

damage to the device. Vriting and erasing are identical except that

during erase, all "los are applied to the data lines.

18
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The two vendors characterized were Intel and National. They will
hencetorth be referred to as Vendor A and Vendor 3 respectively.
Nlitary grade (833) devices were procured tram Vendor A. Vendor 8
supplied devices tested to the military toerature range (-550 to 125"C).
Table 3.1 displays the device quantities received as well as their date
codes end access times used in the characterization etort.

Table 3.1 Devices Procured For Characterization

Vendor Pert No. Access Time Date Code Quantity

A 2816 250ns 6210 16
3 2816 250ns 6215 20

Nine devices were also received tram a third vendor. The parts have
a specitied access time ot 3SOns. In the read mode the parts tunction
identically to the Vendor A and S parts and can also be programed in the
same manmer. The Vendor C parts have an additional feature that allows
programming using a logic low level on the VPP pin instead ot the 21V
pulse required tor the Vendor A and 8 parts.

Upon receipt ot the Vendor C devices, all were programmed with the
data pattern ot Figure 2.2 using the logic low programming voltage on the
VPP pin. They were then subjected to the Incoming test and passed.
Several devices were then programmed using the 21V pulse mode but this
resulted in device failure. Subsequent programming using the low voltage
mode wes unsucceasstul. Several ot the remaining devices were subjected
to an endurance test tor 10.000 cycles. Subsequently random bits would
change to logic ones several minutes atter programing. it was assumed
that the tailures were due to a loss ot the minimum level os charge in
the attected cells. This my have been due to cell degradation during
endurance testing. Time did not permit tault Isolation ot either otf the
two tailure modes. Due to the large number ot detective devices, turther
characterization data was not taken.

Photographs ot the dies troam each vendor are displayed in Figure
3.1. All photographs are to the sam scale. Table 3.2 provides a
comparison in chip dimensions tor the three vendors. The device packages
characterized were 24 pin DIP: the pin contiguration is shown in Figure
3.2.
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PINI

VENDOR A

PIN I

VENDOR B

PIN I

VENDOR C

FIGURE 3.1 DIE PHOTOS - 2K X8 KEPROMI (14.84X)
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A7 1 24 VCC A7 1 24 vccA6 2 23 AS A6 2 23 ASA5 3 22 A9 A5 3 22 A9A 4 21 VP? A4 4 21 WEA3 5 20 01 A3 5 20 M
A2 6 19 AIO A2 6 19 A10Al 7 18 M Al 7 18

8 17 1/08 A 8 17 I/081/01 9 16 1/07 1/01 9 16 1/071/02 10 15 1/06 1/02 10 15 1/061/03 11 14 1/05 1/03 11 14 1/05GND 12 13 1/04 GQD 12 13 1/V%

Vendor A, Vendor B Vendor C

Figure 3.2 16K REPRO" Pin Configuration
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Table 3.2 16K BEPROM Chip Dimensions

Vendor Length (m) Width (m) Area (sq. m)

A 4.95 3.63 17.97
B 5.49 3.20 17.57
C 4.72 3.58 16.92

3.2 Incoming Tests

All Vendor A and Vendor B devices passed the 25"C incoming test
described in section 2.2. The data pattern of Figure 2.2 was programmed
into each part. The row/column complement patterns were then executed
to verify address uniqueness.

3.3 DC Parameters

All DC parameters were measured at seven temperatures: -55. 0. 25.
70, 100. and 125"C. The following parameters were characterized:

1. Supply Current Icc
standby and active at Vcc-5.5V

2. Input current IIH at VIH a 2.2V
IIL at VIL - 0.8V

3. output leakage IOZ at Vin - 0.OV and 5.OV
4. Input/output Capacitance on all pins at l~thz

( 25"C only)
S. Input Thresholds VIL and VIH
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Table 3.3 lists the DC pariters specitled by Vendors A and I.

Table 3.3 Vendor Specitfied DC Parameters
(Vendors A and 5)

PARAMETE LIMITS UNITS
HIm IX

VOC 4.5 5.5 V

IIH,IIL 10 uA

IOLZ. low 10 UR

ICC(ACTIVE) 140 MIA

ICC(STANDSY) 60 MA

IPP(READ) 5 mA

VIL -0.1 0.6 V

VIH 2.2 V

VOL 0.45 V
OLo2. imA

VON 2.4 V
I0I--400uA

3.3.1 Leakage Current (IOU. iZ. IlH. IlL)

In general all measurements yielded low currents ot 5OnA or less and
all measurements were well within the manufacturers specitications.

3.3.2 Logic Output Voltage (VOH.VOL)

All devices passed their specitied VDH limit at all temperatures
including the military extremes. Figure 3.3 summarizes the results tor
Vendor A and Vendor B. Vendor A's VOH was fairly flat over temperature
while Vendor 5 exhibited a significant increase at -559C.

All devices also passed their specitied VOL limit at all
temperatures. Both Vendor A and Vendor a parts displayed a slight linear
dependency on temperature. Results are displayed in Figure 3.4.
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3.3.3 Input Threshold Voltage (VIH and VIL)

For the VIL test the input levels were incremented down trom 5.0
volts until the threshold was detected. A tunctional test was run tor
each increment to determine it the device was tunctioning properly.
Similarly. tor the VIH test the input voltage was incremented up trom OV
until the threshold was detected. Vendor A and Vendor B's devices passed
the test with a worst case VIL ot I.l5V.

Both Vendor A and Vendor B devices pagsed the VIH test. Vendor A's

worst case VIH was 1.975V occurring at -55 C. This allows about 0.22V
noise margin relative to their 2.2V limit. Vendor B's worst case VIH
was 1.85V at -55*C. This resulted in a 0.35V margin trom their VIM
specitied limit ot 2.2V. The dratt MIL-M-38510 limit was set at 2.0V.
As will be described later, the VIH thresholds ot the Vendor A devices
impacted the AC characterization results. The ditterence between the

worst case VIH and VIL values tor both vendors does not indicate

hysteresis. The worst case VIH occurred on a ditterent pin than the
worst case VIL.

3.3.4 Supply Current(ICC-Active and Standby)

The 2816 KEPRON operates in an active and standby mode. The device
is deselected when chip enable(CE) is a logic one. All devices were well
below the the spec limit ot 6OmA tor standby current and 140 mA tor
active current.

Figure 3.5 and 3.6 show min/max/average active and standby current
curves tor Vendors A and B. Although the active current ot the two
vendors' devices were similar, Vendor B parts exhibited a standby
current much lower than Vendor A. Vendor A's standby current was 22-29mR
over the range ot temperature, while Vendor B's was below lOmA. Both the
active and standby currents exhibit an inverse relationship with
temperature as Is characteristic ot NMOS devices.

3.3.5 VPP Current (IPP-Read)

The programuing current IPP was measured with VPP equal to 6 volts.
and CE and 0 equal to VIH. Both Vendors specity the ... m IPP(read)
current as 5mA. All parts passed.

VPP current was also measured with VPP equal to the 22V maximum
programming voltage. Figure 3.7 summarizes the results. All parts
passed the 15M limit.
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3.3.6 Input/Output Pin Capacitance

Capacitance measurements were performed on 5 devices from each of
Vendors A and B. Neasurements were made from each pin to ground and from
each pin to Vcc. Table 3.4 lists the mmn/max/average measurements for
these parts. All measurements were within the manufacturer's limits.

Table 3.4a Vendor A Nin,Avgax Capacitance

Pin Pin To Ground Pin To Vcc L IMIT
Kin Avg Max Kin Avg Max

AW-AN0 2.8 3.4 4.8 2.7 3.7 4.8 lOp?
1/01-1/06 4.6 5.1 6.0 4.5 5.0 5.6 10pF
CE 3.6 3.6 3.6 3.6 3.6 3.6 lOp?
of 4.6 4.6 4.6 4.6 4.6 4.6 lOp?

Table 3.4b Vendor B Min,Avg,Max Capacitance

Pin Pin To Ground Pin To Vcc LI MT
Min Avg Max Kin Avg Max

AO-A10 2.8 3.4 4.8 2.7 3.4 4.8 lOp?
1/01-1/O0 4.6 5.2 5.8 4.6 5.1 5.8 lOpF
CE 4.7 4.7 4.7 4.7 4.7 4.7 10pF
06 3.9 3.9 3.9 3.9 3.9 3.9 lOp?
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3.4 AC characterization

All AC parameters except output disable time were tested at seven
voltages (4.25. 4.5. 4.75, 5.0. 5.25, 5.5. 5.75) and six temperatures
(-55. 0. 25. 70, 100. 125*C). A binary search method was employed to
determine the parameter value. The load circuit described in 2.4.2.1 was
connected to each output to provide the load during AC testing. Fitteen
devices tram each ot Vendor A and 9 were characterized. The parmters
were tested using an address complement pattern. Pattern sensitivity
testing. to be discussed in subsequent text. veritid that the address
complement pattern was one ot several etective patterns tor AC
characterization. it was selected because its ease ot Implementation on
the S-3270 signiticantly reduced the characterization tim required by
multiple test executions. Since address uniqueness had been veritied. it
was not necessary to use the row/colun complement pattern which requires
much more S-3270 execution time.

The tollowing parameters were tested:

1. Address Access Tim (TAVQV)
2. Chip Enable Access Tin (TE.Lg)
3. Output Enable Access Tim (TOLQV)
4. Output Disable Time (TOQZ)
5. Address To Invalid Out (TAXQX)

Detinitions ot the AC parameter abbreviations are contained In
Appendix a.

Table 3.5 lists the AC per amters characterized along with the
manutacturer's specitied limits. All AC measurements discussed in this
section except TONQZ were made with output compare levels o" 2.4V
and 0.4V.

Table 3.5 - AC Characterization Paramters

SYNBOL PARAMETE VENDOR A VENDOR B

HIM MAX HINM AX

TAVQV ADmESS TO 350 250 n8

OUTPUT DELAY

TELQV CHIP DIABLE TO 350 250 nS
DATA VALID

TOLQV OUTPUT 019L" TO 120 100 ns
DATA VALID

Tongs OUTPUT S ALTO 0 100 0 SO n6
HIGH IH[X1UUl3

TAXQX OUTPUT HOWD 0 0 ng
PiON ADmas
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3.4.1 Vendor A AC Parameters

3.4.1.1 Address Access Time (TAVV)

The M1IL-M-38510 dratt specitication indicates an address access
time ot 250ns. Vendor A's own limit is 350ns. The access time
summaries ot Figure 3.6 indicate that Vendor A devices meet a 250ns
limit. The large differentials between each at the minimm. average.
and maximum plots illustrates in a general way, a wide variation in
device to device pertormance. Above 0*C the average access time
exhibits little sensitivity to VCC.

The Vendor A address access time data (and all Vendor A AC data)
war taken at VIH and VIL levels ot 2.4 and 0.4V. At 2.0 and 0.SV
levels the access time values were inconsistent and excessive. Since
their logic high thresholds were very close to the 2.OV logic high level

(see 3.3.3). a small amount of tester ground noise caused the logic
threshold ot the DUT to rise above the 2.OV level being applied. Once
this was observed, the logic levels were adjusted to minimize the
ettect ot tester noise.

3.4.1.2 Chip Enable Access Time tTLV)

Figure 3.9 illustrates the chip enable access time
characteristics ot Vendor A devices over temperature at VCC-4.5 and
S.V. As with address access time. the 25Ons KIL-H-38510 draft
specitication limit is met. Here. also. the data illustrates wide
variation trom device to device. A close comparison between the plots

ot Figure 3.8 and those ot 3.9 indicates that chip enable access time
is slightly greater than address access time.

3.4.1.3 Output Enable Access Time (TOLQV)

Figure 3.10 is a summary ot the output enable access time data at
VCC=4.5V trom the Vendor A devices. All parts easily mt their 120ns
limit. As with other AC parameters, output enable access time

increases with temperature which Is indicative ot increased internal
resistances and thus increased time constants. The average data at
VCC-5.5V (not displayed) indicates an output enable access times at 5
to l5ns faster than at VCC-4.5 volts.

3.4.1.4 Address To Invalid Out (TAXOX)

This parameter Is the delay time tram an address change to the point
at which the output begins to change (become invalid) tram its then
current state. The Vendor A specitication is On*, meaning that in the
extreme case the output reaction to an address change is instantaneous.
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Figure 3.10- Vendor A Output Enable Access Tim (VCC -4.5V)
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During the automatic test. the output was considered invalid when its
logic output voltage dropped below 2.4V or rose above 0.V. At VCC=4.5
and 5.5V the worst case delay was 2lns occurring at -550C. For both VCCs
the average delay was approximately 23ns at -559C and increased linearly
with temperature to an average of 40ns at 125*C.

3.4.1.5 Output Disable Time (TOIHQZ)

Data was taken with the bench circuit as described in 2.4.2.2. Both
Vendor A and Vendor B specify a turn off delay limit but neither are
specific on the criterium for determining when the output is in the high
impedance state. The bench data using the current measurement method was
taken on ten devices at 250C. Vendor A devices exhibited delays of 10 to
20ns which are well within the 80ns Vendor and draft MIL-1-38510
specification limit.

The draft MIL-M-38510 specification requires that measurements be
taken using the 0.5V output change criterium as described in section
2.4.2.2. This method of measurement will result in values that depend to
a great extent on the RC time constant of the load circuit. The worst
case time constant occurs when the output is transitioning from a logic
high state to the high impedance state. Since the load resistor in this
case is 6Kohms and the load capacitance is 50pP. the output will take a
minimum of 54ns to transition from 3.OV to 2.5V if the output transistor
is cutoff instantly. Any finite turn off delay of the output transistor
will increase the transition time. The 3.0V value is the approximate
average value across the entire temperature range for Vendor A devices.
Even though the actual turn off time is less than or equal to the 10 to
20ns measured on the bench. the measurement criterium in the MIL-N-38510
document requires a limit at least greater than 54ns (greater If the
actual VOH level is lower than 3.OV).

3.4.2 vendor B AC Parameters

3.4.2.1 Address Access Time (TAVQV)

Figure 3.11 suarizes the address access time data for the
Vendor 3 devices at VCC-4.5 and 5.5V. txcept for the unusual behavior
of one device the data indicates a much smaller variation from device
to device than shown by Vendor A data. This date and all AC data for
Vendor 3 was taken while applying logic levels of 2.0 and 0.8V for VIM
and VIL respectively. Sample data taken at other logic levels did not
differ significantly from the corresponding data at 2.0 and 0.6V. It
was concluded. therefore. that Vendor 3 parts were not as susceptible to
tester noise as were Vendor A parts. As described in section 3.3.3.
the Vendor 8 devices have a logic high noise margin that is slightly
better than Vendor A devices.
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3.4.2.2 Chip Enable Access Time (TELQV)

The chip enable access time data from the 15 Vendor a devices at
VCC-4.5 and 5.5V is summarized in Figure 3.12. As with address access
time. Vendor B parts show less device to device variation than Vendor A
parts. Chip enable access times are also somewhat greater than
address access time. as they were for Vendor A.

3.4.2.3 Output Enable Access Time (TOLQV)

The summaries of data taken at VCC-4.5 and 5.5v in Figure 3.13
indicate that Vendor B output enable access time is significantly
influenced by VCC. Except for one device, the parts do meet the 120ns
limit.

3.4.2.4 Address To Invalid Output (TAXQX)

Figure 3.14 illustrates performance of the address to invalid out
delay at VCC-4.5 and 5.5V over temperature. The influence of temperature
was much more significant for Vendor B parts than for Vendor A parts. For
VCC=5.5V. the average value at 125"C. 6Ins, is nearly 30ns greater than
at -550C. The Vendor A change between temperature extremes was only
l7ns.

3.4.2.5 Output Disable Time (TOHQZ)

Data taken on 10 Vendor B devices at 25"C with the bench circuit
described in 2.4.2.2 yielded measurements of 10 to 20ns. As discussed in
3.4.1.5. the method defined in the MIL-M-38510 utilizes a 0.5V output
voltage change criterium described in 2.4.2.2.

3.5 Pattern Sensitivity Testing

Table 3.6 summarizes the address and chip enable access time data
taken with three different address patterns at 25'C from six devices of
each Vendor. Vendor A logic input levels were set to 2.4 and 0.4V for
VIH and VIL respectively. Vendor B input levels were 2.0 and 0.V.
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Table 3.6 Pattern Sensitivity Result Summary (average of six devices)

Gallop Address Complement Raw/Colun Complement
,cc 4.5 5.5 4.5 5.5 4.5 5.5

Vendor A

TAVQV 126ns 125ns 126ns 12lns 12lns llns

T8LQV 135 130 130 125 128 124

Vendor B

TAVQV 137 125 133 122 134 124
TM.QV 172 140 170 138 170 136

Although row complement and colmn complement are two distinct
patterns, they were always treated as a single pattern set and run
concatenated. The access time values given in Table 3.5 are the worst
case values that allow both row and complement patterns to pass.

Vendor A devices show slightly more sensitivity to Gallop than to
the other two patterns. The sensitivity was not considered significant
enough to warrant inclusion of the pattern in the NIL-M-38510 draft
specification. Vendor B devices show almost negligible differences
in data taken with the three patterns.

The row/column complement patterns were specified in the draft
specification because a single execution of both is fast (equal to
8192 x cycle time) and will verify address uniqueness when used with
the data pattern described in 2.4.1.3.

3.6 Programing Parameters

The objective of the programming parameter evaluation was to verify
adequacy of the manufacturers' limits. These are listed in Table 3.7.
Various programming parameter conditions were applied to each of five
devices from both vendors. The values selected for each parameter are as
follows:
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1. Programing voltage RC Time Constant (TPRC)
359us. 470us. 600us.*720us

2. Programing Voltage (VPP)
IOV. 20V.21V, 22V

3. Write Pulse width (TPHPL)
5mS.9mS. bs. urns

4. Address to VPP Setup Tim (TAVPH)
75n5. lOOnS. l25nS. IS0nS

5. Chip Enable to VPP Setup Tim (TELPK)
75nS. OOnS. l25nS. iSOnS

6. Data to VPP Setup Time (TDVPH)
-25nS.*OnS.*25nS . OnS

Table 3.7 Vendor Specified Limits for Programing Parameters

PARAMETER VENOR A VENDOR B UNIITS
NH MAX H MAX

TPRC 450 600 450 600 nS

VPP 21 22 21 22 V

TPHPL 9 15 9 15 as

TAVPH 150 150 115

TELPH 150 150 nS

TDVPH 0 0 n

While the selected values for one parameter were applied, all other
parmters were held at their respective nominal values. The conditions

k listed above were applied at VOCs of 4.5. 5.0. and 5.5V at temperatures
of 25. -55. and 125%. Table 3.8. which sumarizes the results.
Indicates that the vendor Programing limits are more than adequate.
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Table 3.8 Vendor A. Vendor B - Number of Passing Devices for
various Programming Conditions at VCC a 5V.

Parameter Vendor A Vendor B
(at fixed * of passing devices # of passing devices
value)

-55°C 25"C 125*C -556C 25*C 125oc

TPRC (359us) 5 5 5 5 5 5
TPRC (470us) 5 5 5 5 5 5
TPRC (600us) 5 5 5 5 5 5
TPRC (720us) 5 5 5 5 5 5

VPP (18v) 4 3 5 4 4 5
VPP (20V) 5 5 5 5 5 5
VPP (21v) 5 5 5 5 5 5
VPP (22V) 5 5 5 5 5 5

TPHPL (5.) 4 4 5 4 4 4
TPHPL (9Ms) 5 5 5 5 5 5
TPHPL (Oms) 5 5 5 5 5 5
TPHPL (110S) 5 5 5 5 5 5

TAVPH (75ns) 3 5 5 5 5 5

TAVPH (IOOns) 5 5 5 5 5 5
TAVPH (125ns) 5 5 5 5 5 5
TAVPH (150ns) 5 5 5 5 5 5

TELPH (Sns) 5 5 5 5 5 5
TELPH (lOns) 5 5 5 5 5 5
THLPH (125ns) 5 5 5 5 5 5
TELPH (MOns) 5 5 5 5 5 5

TYVPH (-25ns) 5 5 5 5 5 5
TDVPH (Ons) 5 5 5 5 5 5
TDVPH (25ns) 5 5 5 5 5 5
TDVPH (5Ons) 5 5 5 5 5 5
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3.7 Chip Erase

Chip erase is achieved by raising the output enable to 9V, enabling
the device and applying VPP for a specified duration while the data
inputs are held at logic '1'. Since chip erasure depends basically on
the duration of the writr pulse width (WPHPL), the following test
sequence was applied:

1. Program device at 9ms VPP pulse width.
2. Erase device at 9.s VPP pulse width.
3. Program device at 70.s VPP pulse width.
4. Erase device at 9as VPP pulse width.

Two conditions (vendor minima and maximum limits) of VPP were
applied while programming to obtain the best and worst case amount of
charge in the programmed cells. The minimum limit of VPP during erasure
proved to be adequate to completely erase all cells.

3.8 Endurance

Pour devices from each vendor were tested for endurance. This test
consisted of cycling the devices 10,000 times. Each cycle was comprised
of the following sequence:

1) Erase (all cells in '1' state)
2) Verify erasure (every 250th erasure cycle)
3) Program (all cells in '0' state)
4) Verify program (every 250th program cycle)

It was surmised that if a true endurance failure occurred it would
be due to a 'stuck at' condition In one or more cells. For this reason
and because of data recording limitations, the programiIng and erasure
verification was performed every 250th cycle. In this way the 'hard'
failures that occurred in previous cycles would still be present when
verification was performed.

Vendor A and Vendor C devices were subjected to the endurance test
and displayed no cell failures over the 10.000 cycles. At the first
program verification (after 250 cycles). numerous failures were detected
in vendor B devices. The failures were not repeatable at each
consecutive 250th cycle verification and the failures that were detected
were not necessarily the sam as detected in previous verifications.
Since the failures were inconsistent, It is assumed that they were not
related to cell endurance. It is suspected that the failures were due to
a defect in the internal programing circuitry.
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3.9 Bake

A 150*c bake cycle was applied to six devices from each of Vendors

A and B. The total time at 150C was 96 hours. The data pattern in
Figure 2.2 was programed into each device prior to the bake. Subsequent
functional testing at 25"C verified that all devices continued to retain
the correct data pattern.
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4. 32K FilcH

4.1 Introduction

The 32K FtC is a 32,768 bit schottky. bipolar. field progrenmblo
read-only memory configured UK X S. Features include duel chip enable
controls. tri-state outputs. and single +5V operation in the read modo.
The trl-state data outputs give the device full bus interface capability.

vendor DMorris) and Vendor R(Raytheon) devices employ nichrome
(Nicr) fuse technology. Devices from vendors D and a are manufactured
storing a logical *I (Positive Logic) end can be selectively progrmd
for a logical "0 in any bit position. Vendor F (monolithic Memories
Inc.) utilizes t1tanium-tungsten (liW) fuse technology. Devices from
vendor P are manufactured storing a logical *00. Any bit can then be
progremid for a logical 1l.

Military grade DIP versions of the devices were received from the
vendors for the characterization effort. Table 4.1 sumnariz*s the
manufacturer. quantity received. access time, part number. and date code.

Table 4.1 Devices Procured for characterization

Vendor Part No. Access Time Date Code Quantity

D MU-76321-2 S5nS 6209 i6
D HM-76321-2 O5ng 0251 15
a 32967 IWS lO00ns 6304 25
F 5393281D 60n8 6301 is

All Vendor D and 8 devices Were received in an unprogrmed state.
Vendor F devices were pre-progrinmed by the manufacturer.

Table 4.2 provides a comparison In chip dimensions for the two
vendors. Photographs of a die from each vendor are in Figure 4.1. All
photographs are to the sone scale so that a visual size comparison can be
made.

Table 4.2 32K ~C Chip Dimensions

vendor Length (m) Width (m) Area (sq m)

D 4.39 5.00 22.30
a 5.84 4.52 26.40

F5.03 5.72 28.71

The devices provided for the characterization were packaged In 24
pin Dips. Figure 4.2 displays the pin configuration which is the sam
for all three vendors.
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Pin I

Pin I

Vendor D

Pin I

Vendor E

Vendor F

Figure 4.1 Di. Photos -41(x8 PPRO14 (14.84X)
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A7 1 24 VCc
A6 2 23 A8
AS 3 22 A9
A4. 4 21 AlO
A3 5 20 CEl
A2 6 19 All
Al 18 CE2
AO 8 17 08
01 9 16 07
02 10 15 06
03 11 14 05GD r 12 13 04

Vendor D, Vendor E, Vendor F

Figure 4.2 32K FF1O4 Pin Configuration
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4.2 Incoming Tests

Devices from Vendors D and a were subjected to an incoming test to
verify that all bits were in the unprogrammed state. In addition, the
following DC parameters were tested to ensure device integrity before
programing: ICC. IIH. IIL. IOHZ. IOL. VIC and VON.

All devices procured from Vendors D and a passed the incoming test.
Because the devices from Vendor F were received pre-progrwMed, they did
not undergo an Incoming test. but were immediately subjected to the DC
characterization.

4.3 DC Parameters

DC Parameters were characterized using the methods described Li
section 2.3 and the Individual sections that follow. DC Parameter
testing was performed on sixteen devices from Vendors D and 8 and
fifteen devices from Vendor F.

Table 4.3 lists the DC parameters and test conditions specified by
each of the three vendors.
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Table 4.3 vendor Specified DC Parameters

Vendor D Vendor 8 Vendor F
Symbol Parameter "in max Min max Min max Unit

ICC Supply Current 190 195 190 OR

VCC Supply Voltage 4.5 5.5 4.5 5.5 4.5 5.5 V

VIC Input clam -1.2 -1.5 -1.5 V
Voltage Zino-IOWA lin-ImA I1n-l18mA

IIL Input Leakage -100 -250 -250 UA
Current VIL&O.45v VIL-0.4V VIL-0.4V

IIH Input Leakage 40 100 40 uA
Current VIH-VCCMAX VIm-VCOmRX VIH-VCOIAX

VIL Low Level +0.8 0 +0.8 +0.8 V
input voltage

VIH High Level 2.0 2.0 5.5V 2.0 V
input voltage

IOLZ Output Leakage -40 -100 -40 uA
Current VOLO0.3V VOL-0.45V IAXL0.4V

I0HZ Output Leakas" 100 100 40 uA
Current

VOL LOW Level 0.5 0.5 0.5 V
output voltage ZOLmIEUA IOL-16mA ICLMlEUA

VON High Level 2.4 2.4 2.4 V
output IOHw-2mA ICH-0 I0H-2m
Voltage

106 Output Short -15 -100 -12 -65 -20 -90 OR
Circuit V0UT-0V VOUT-0. 2V WOUT-OV
Current
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4.3.1 Leakage Current

Input leakage currents, IIH and IIL, were measured at -55, 0. 25,
70. 110 and 125"C for the three vendors. Wo failures were detected and
all measured currents were well below manufacturer specified limits.

Output leakage currents, IOHZ and IOLZ. were also measured at the
six temperatures. All measurements of IOHZ and IOLZ were found to be
well within manufacturer specified limits.

4.3.2 Logic Output Voltage (VOH, VOL)

All devices passed the specified VOH limit at 55. 0. 25. 70, 110
and 1250c. Figure 4.3 summarizes the average VON values for each vendor
under the same output current condition (-2.0mA). All vendors' devices
exhibited a linear VOH, that increased slightly with temperature.

The specified VOL limit for all vendors is O.5v at IOL - l6RA.
However, Vendors D and F had previously indicated that the slash sheet
specification should be 0.5V at IOL a SmA. For this reason, all devices
were characterized with IOL - mA. As Figure 4.3 illustrates. VOL values
decreased linearly as temperature increased, with Vendor F exhibiting
slightly lower values of VOL than Vendors D or E. Because the values of
VOL for all vendors were well below 0.4V. this value was recommended as
the specified VOL limit at IOL a BmA In the preliminary slash sheet.

4.3.3 Input Threshold Voltage

Threshold voltages(VIH and VIL) were measured on each input pin of
every device using the methods described In section 2.3. Figure 4.4
summarizes the average input threshold voltages of each vendor over the
military temperature range. The results are typical of bipolar devices.
demonstrating a fairly stable linear response from each vendor.

The effects of input logic levels on output access times are dis-
cussed in the individual vendors' AC parameter section.

4.3.4 Supply Current (ICC)

The supply current measurements were performed at -55. 0. 25.
70. 110 and 125"C under the following conditions:

I) VCC - 5.Sv
2) VIL - O.OV applied to all inputs
3) Outputs open
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Average values of XCC versus temperature are shown in Figure 4.5. As
the plot indicates, all supply current measurements were well within
vendor specified limits and are typical of bipolar devices over the
military temperature range.

4.3.5 input/output Pin Capacitance

Capacitance measurements were performed on selected pins of six
devices from each vendor. Table 4.4 lists the average minimum and
average maximum measurement data. Vendor D was the only vendor to
specify limits. Vendor D parts tend to have a lower capacitance per pin
than Vendors K and F and fall within their maximum specified limits.

Table 4.4a Vendor D Avg. Min.. Avg. Max. Pin Capacitance

Pin Avg. Min. Avg. Max. Limit Unit

A0-All 6.0 8.6 8 pF
01-08 8.9 9.9 10 pP
C61 5.0 5.1 a pP
C92 7.0 7.2 6 pP

Table 4.4b Vendor 8 Avg. Min.. Avg. Max. Pin Capacitance

Pin Avg. "in. Avg. Max. Limit Unit

AO-All 7.1 9.6 Not Available pF
01-06 14.8 15.9 Not Available pP
Col 9.5 9.7 Not Available pP
C92 6.4 6.7 Not Available pP

Table 4.4c Vendor F Avg. Min., Avg. Max. Pin Capacitance

Pin Avg. Kin. Avg. Max. Limit Unit

A0-All 6.4 11.9 Not Available pP
01-0 8.6 9.6 Not Available pP
Cri 9.3 9.6 Not Available pF
C22 15.5 16.0 Not Available pP

4.3.6 Input Clamp Voltage (VIC)

Input clamp voltage test results exhibited a typically liear
variation over the temperature range. Table 4.5. listing average input
clap voltage measurements at -55, 25 and 1250C, demonstrates this
linearity. There were no VIC failures and all measured voltages were
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well within manufacturer specified limits.

Table 4.5 Average Input Clamp Voltage

Vendor -559C 25*C 125"C Units

D 603.4 489.4 380.9 a
a 560.3 529.4 406.3 mY
F 445.0 383.0 283.5 eY

4.3.'? Citput Short Circuit Current (IOS)

Output short circuit current was measured over the entire
temperature range with VCC a 5.5V. Figure 4.6 shows the average OS
for each vendor.

Devices from Vendors D and F experienced no failures and responded
linearly over the temperature range. Although the average values of
output short circuit current for Vendor F were 20mA to 40mR higher than
Vendor D or Vendor 8, these values were still well within the vendor's
specified limit.

Vendor E exhibited linearity at lower temperatures, but a slight
anomaly appears at the higher temperatures. Two devices exceeded the
vendor's maximum limit of -85MA at 1104C and 1250C. However, at least
one output on each device from Vendor a exhibited IOS values of less than
-l2mA at temperatures of 110*C and above. Repeated execution of 106
tests on the same devices resulted in erratic readings. sometimes passing
well within the limits, sometimes failing with an 105 less than the
minimum limit.

Discussions with Vendor 9 revealed that the upper transistor in the
totem pole output occasionally turns off when OV or a slightly negative
voltage is applied. When the internal signal level feeding the output
gate is close to the input threshold of the gate, the drive that turns
on the upper transistor at the output is very weak. When OV is applied
for the ZOS test. the drive to the upper transistor is degraded via the
base-collector junction of the lower transistor. The degradation Is such
that the upper transistor is cut off or nearly cut off, thus reducing the
short circuit current.
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4.4 AC Characterization

Timing parameters of each vendor were characterized under the
following test conditions:

1) Temperature a -55. 0. 25. 70, 110. 125*c

2) VCC = 4.SV. 5.5V
3) VIN - 2.OV. VIL - O.8V (case 1)
4) VIII - 2.4V, VIL - 0.6V (case 2)

All AC measurements discussed in this section were made using a
binary search method with output compare levels of 2.4V and 0.OV. A 0.4V
VOL compare level was initially used. However, It was determined that
all three device types exhibited a perturbation on each output when
transItioning to a logic low voltage. The perturbation, due to an
impedance mismatch between the device output and the S--3270 tester.
caused the output low level to momentarily rise above the 0.4V compare
level before settling down to a steady state value. The test pattern
used was a full address complement pattern. Table 4.6 lists the AC
parameters that were characterized and the manufacturer specified limits.
Refer to Appendix B for timing parameter abbreviations used in this
section.

Table 4.6 Vendor Limits for AC Parameters

Vendor D Vendor H Vendor F

TAVQV B5ns lOOns 60ns

TSLQV 40ns 50ns 35ns
TEHQV 40ns 50ns 35ns

4.4.1 Vendor D AC Parameters

Sixteen devices from Vendor D were tested. All Vendor D devices
were well within their specified limits for each parameter over the
specified temperature range.

4.4.1.1 AddressChip Enable l.and Chip Enable 2 Access Times

Figure 4.7 sumarizes the measured results of address access time
(TAVQV) at vCC-4.5V and VCc-5.5v. Each set of three points at one
temperature represents minimum(min), average(avg), and maximum(sax)
seasured parameter values for sixteen devices.

The plots of (TAVQV) for both cases of VCC display similar trends.
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Figure 4.7 Vendor D - Address Access Tim vs. Temperature
for Case 1 Logic levels
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While decreasing slightly as temperature increased from -550C to 250C,
access times were quite stable, varying only iOns over the temperature
range at both VCC-4.5V and VCC-5.5V. Access times were approximately
15ns faster at the higher VCC. but all measurements were within the
specified limit of SSns.

both plots of Figure 4.7 are for case I logic levels. Plots of
TAVQV for case 2 logic levels were omitted due to their similarity to
case 1.

Chip enable access times are plotted in Figure 4.8(T=LQV) and

Figure 4.9(TWI ). Once again, case 2 plots are omitted due to their
similarity to case 1.

As with address access time measurements on these devices. chip
enable access times (both TALQV and TMEQV) exhibit little sensitivity
to temperature change. As little as iOns variation is seen when
temperature is increased from -55"C to 1250C. A lOns to l5ns decrease
in both TM.QV and TEHQV is noted as VCC is increased from 4.5V to 5.5V.

4.4.2 Vendor 9 AC Parameters

Sixteen devices from Vendor E were tested under the conditions
described in Section 4.4. While no address access time failures occurred
during testing. chip enable access time failures were common to all the
devices.

4.4.2.1 Address.Chip Enable land Chip Enable 2 Access Times

Figure 4.10 displays the sumnmarized results of address access time
(TAVQV) measurements at VCC-4.5V and VCC-5.5V for case 1 logic levels.
At these access times at both VCC's exhibit sim~lar trends. TAVQV
decreases as the temperature increases from -55 C to 0 C, then increases
with temperature from 00 C to 1250C. Despite this slight increase in
TAVQV, all devices from Vendor E were well within the Vendor specified
limit of 100ns when tested at both values of VCC and case 1 logic
levels.

Address access time results for case 2 logic levels at VCC-4.BV are
shown in Figure 4.11. Once again. all devices were well within Vendor's
limits, with very little variance In access time (less than 15ns) over
the atlitary temperature range. Due to its similarity to case 2 at
VCC=4.5V. a plot of case 2 at V'C-5.5V is omitted.
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Figure 4.9 Vendor D - Chip Enable 2 Access Tim vs.
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Figure 4,10 Vendor E - Address Access Time vs. Temperature
for Case 1 Logic Levels
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Figure 4.11 Vendor E - Address Access Time vs. Temperature
for Case 2 Logic Levels
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Figures 4.12 and 4.13 sunarize chip enable access times. TRW and
TID . at two VCC levels and both cases of logic levels. Both parameters
exhibit almost identical trends with respect to the test conditions.
Therefore. the following analysis applies to both TBLQV and TMUV.

All Vendor a devices experienced chip enable access time failures
with VCC-4.5V at case I logic levels. As Figures 4.12 and 4.13
illustrate. the average values of TULQv and TUIQV exceed the Vendor's
limit of S0ns by Sns to lSns. However, when VcC is raised to 5.SV.
access times at -55*C to 25*C are reduced 2Ons to 30ns. Above 250C
access times again increase with temperature. Five devices failed ?TWQV
at 1259C. but the average values of both TZLQV and TUIW are 20ns to 30ns
less at VCC-5.SV.

When case 2 logic levels are employed (Figures 4.14 and 4.15). the
results are similar to case 1. All devices experienced failures at the
lower VCC. particularly at lower temperatures. However, all devices
were well within the Vendor's limits when VCC is raised to 5.5V. Also.
case 2 logic levels appear to stabilize the access tti-1- with respect to
temperature. Very little change in TZLQV and T3IgJ is noted when case 2
levels are applied.

In su mary, supply voltage significantly affects chip enable access
times. Lower values of VCC result in access times which exceed the
manufacturer's limit regardless of logic levels. The logic levels
themselves, however, do impact access time measurements. A sensitivity
to higher temperatures appears when case 1 logic levels ore used
resulting in higher access times at high temperature.

4.4.3 Vendor F AC Parameters

AC parametric testing was performed on fifteen devices from Vendor F
under the conditions described in Section 4.4. Several devices
experienced address access time and chip enable access time failures.

4.4.3.1 Address.Chlp Enable Land Chip Enable 2 Access Times

light devices failed to meet the Vendor's limits for both address
access time (TAVQV) and chip enable 1 access time (TULg) at -559C.

Figures 4.16 and 4.17 sumarize TAVQV measurements. The plots
indicate a sensitivity to case I logic levels at the temperature
extremes. Right devices failed at -55"C with VCC-4.SV and case I logic
levels. Under these same conditions. only one device failed TAVV at
125C. When VCC was raised to 5.5V, all devices passed, but access times
at -550C and 1250C were still,0ns to i5ns slower than those at 250C.

65



TELQV (flu) CASE 1 VCC-4.5V

Minitmum

Maxitmum -~ _ _-

Average

Temperature (*C)

FiueL412Veno E -. ChSi ftable .1 VcesTm s

Tepeatrnfriae Lgc evl

U6

4f



TEHQV(nS) CASE I VCC-4.5V

minimum

Maximm -

Temlperature (*Q)

T"HQV (nS) CASE I VCO,5.5V

Average

I - I 1 . I .I . I • 1 t • 1 .

41 -0 4I S U U U U I I*

Temperature (*C)

Figure 4.13 Vendor E - Chip Enable 2 Access Time vs.
Temperaure for Ca se 1 logic Levels
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Figure 4.14 Vendor E - Chip Enable I Access Time vs.
Temperature for Case 2 Logic Levels
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Figure 4.17 Vendor F - Address Access Time vs. Temperature
for Case 2 logic Levels
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uhen case 2 logic levels were employed, however, all fifteen devices
demonstrated very little sensitivity to temperature variance and access
times were well below the Vendor limit of GOns.

All Vendor F devices also passed chip enable 2 access time (Ts"OV)
testing. As the tight grouping of the minimum, average, and maxima
plots in Figure 4.16 indicate. TWW varies little from device to device
across the entire military temperature range at both supply voltage
levels at case I logic levels. Results for case 2 logic levels were
similar.

Measurement of chip enable I access times revealed a sensitivity to
input logic levels similar to that which affected address access tim.
In this case (see Figure 4.19), eight devices yielded TELQV times greater
than the Vendor's limit of 35ns. These failures all occurred at -559C
when VCC-5.5V and case 1 logic levels were used. Reducing the supply
voltage to 4.5V resulted in all devices falling well within manufacturer
specified limits. The use of case 2 logic levels also resulted in
extremely stable access times across the entire temperature range at
both levels of VCC. Figure 4.20 displays TELQV results for case 2 at
VCC-5.5V. Case 2 plots of TBLQV when VCC-4.5V are omitted due to their
similarity to case 2 at VCC-5.5V.

4.4.4 Output Disable Time (TOHQZ)

Output disable time data was taken using both methods described it
Section 2.4.2.2. Six devices from each vendor were tested. Although
slight differences in disable time measurements were noted between the
two methods. these differences were consistent from device to device from
each vendor and all values were within the particular vendor's specified
limits.

Tables 4.7a and 4.7b list average disable times. vendor and method
of measurement employed.
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Figure 4.18 Vendor F - Chip Enable 2 Accoss Time vs.
Temperature for Case I logic Levels
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Table 4.7a Output Disable Time - Output initially at VOH

vendor Average Disable Time Units

(Zero Current) (-0.5V)

D 18.5 23.7 nsec
a 18.5 24.7 rsec

F 19.0 24.3 nsec

Table 4.7b Output Disable Time - Output initially at VOL

Vendor Average Disable Time Units
(Zero Current) (+0.5V)

D 35.0 27.5 nsec
* 27.2 23.5 nsec
F 25.2 22.3 nsec

4.4.5 AC Characterization Summary

Each vendor was tested under identical conditions. Vendor D was
the only vendor of the three whose devices were able to meet their own
specified limits for each AC parameter over all conditions. Vendor a
exhibited sensitivity to supply voltage levels, while Vendor F was
sensitive to input logic levels at the military temperature extremes.

In general. the address access times exhibited by vendor F devices
were faster than Vendors D and B. However, eight devices from Vendor F
failed to meet the vendor's specified limit at -550C, 4.5V and case 1
logic levels.

Chip enable 1 access times of Vendor a were greater than those of
both Vendors D and F. All Vendor 5 devices exceeded the vendor's limit
at 4.5V. Eight devices from Vendor F failed at -55*C, 5.5V and case 1
logic levels.

The chip enable 2 access times of Vendors D and F were also fester
than those of Vendor 3. All Vendor a devices again exceeded the vendor
limit at 4.5V.

Output disable time measurements for each vendor exhibited no
significant differences between vendors. All TOW values wre'within
the vendor's specifications.

76

%6

Km
,94



a I . I I

4.5 Pattern Sensitivity

March. Row/Column Complement and Gall6p test patterns were applied
to six devices from each vendor at 259C to determine their address access
time sensitivity at VCCs of 4.5 and 5.5 volts. The following cases of
logic levels were used in this test.

CASE 1: VIH a 2.OV. VIL - 0.SV
CASE 2: VIM a 2.AV. VIL - 0.6V

Table 4.8 displays worst case access times for the three test
patterns at each set of logic levels. Each value in the table represents
an average access time of the six devices from each vendor. From the
table there is no appreciable change in access time values from one
pattern to another. In each case. the access tim for the Gallop pattern
is slightly higher than the March or Row/Column Complement values. To
isolate an access time limit using the March and Row/Colwm Complement
test required approximately 3-5 seconds. The Gallop test required up to
5 minutes to isolate a limit. The Gallop test has frequently been con-
sidered worst case since a transition occurs between every possible pair
of addresses. The Row/Column Complement test generates more decoder
activity per cycle than the March test and requires significantly less
execution time than the Gallop test. Por this reason. Row/Column
Complement test patterns are recommended for the slash sheet.

No appreciable change in TAVQV for Vendor D, E, or P was observed
between logic levels. Vendor F displayed no appreciable change in access
time due to increasing VCC from 4.5 to 5.5V. Vendor D and E access times
were 10 to 15 ns greater for VCC * 4.SV.
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Table 4.8 Pattern Sensitivity Result Summary

Vendor D TAVQV. CASE I TAVQV, CASE 2
VCC=4.5V VCCw5.5V VCCw4.5V VCC=5.5V

March 52.7 43 52 42

Row/Column Complement 52.5 41.9 52 41.6

Gallop 52.8 43.2 52.2 42.3

vendor X TAVQV, CASE 1 TAVQV, CASE 2

VCC-4.5V VCC-5.5V VCC-4.5V VCC-5.5V

March 60.2 46.8 61.6 46.7

Row/Column Complement 59.4 42.3 60.6 46.4

Gallop 61 47.8 61.9 47

Vendor F TAVQV, CASE 1 TAVQV, CASE 2

VCC-4.5V vCC-5.5v vCC-4.5v vcC-5.5v

March 36.2 33.2 35.5 32.1

Row/Column Complement 36.2 33.1 35.7 32.9

Gallop 37.2 33.8. 35.8 33.6

4.6 Programing Parameters

Testing of selected programming parameters was performed on six
devices from both Vendor D and Vendor 8 at 25*C. Devices from Vtndot F
were pre-programmed by the manufacturer, therefore characterization of
programting parameters was not performed on these parts.

Programming parawter testing consisted of fixing the paramter to
be tested at a value that would verify the manufacturer's limits. This
was performed while keeping the other programming parameters at a nominal
value. A block of 128 byte locations was then programmed and verified.
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4.6.1 Vendor D Programing Parameters

Vendor D progr am ing parame tors and the values they were verified at
are as follows:

1. Output Enable Voltage During Programing (VOP3) 8.5v, 10.5v, 12.5v
2. Output Enable Voltage Pulse width (TP) 7OuS, iD0uS, l2OuS
3. Voltage to VCC During Programing (VPK) 10.0V. 12.OV. 13.0V

Table 4.9 lists the manufacturer's specified limits of the
programing parameters that were characterized.

Table 4. 9 Vendor D Specified Limits for Programing Parameters

Parameters Minimum Maximam Units

vop9 10.5 11.0 V
TP 90.0 110.0 us
VPHI 12.0 12.5 V

All six devices from Vendor D were programmed and verified at the
indicated parameter test values. Reducing VOPE below 8.5V or VPH less
than 10.OV resulted in numerous programaing failures. Pulse width (TP)
has little affect on progra ma bility as TP was reduced to as little as
lOuS with no failures.

4.6.2 Vendor 8 Programing Parameters

Vendor 3 Programing parameters and the values they were verified at
are as follows:

1. Programing Voltage on Output Pin (VOUT) l6v, 20V. 30V
2. Programing voltage on Programing Pin (VPP) 24V. 27V. 35V
3. output Pin Programing Voltage Pulse Width (TP) 0.1us. 3Ous. 64uS
4. VCC During Progrmoing (VCC) 4.2V. 4.5V, 5.5V

Table 4.10 lists the vendor's specified limits for the progr am ing

parameters that were tested.

k Table 4.10 Vendor 9 Specified Limits For Programing Parameters

Parameter Minimat Maxim=m Units

VOUT 20 26 V
VPP 27 33 V
TP 1 40 us

VOC5.4 5.6 V
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All six devices from Vendor a progra ame d and verified normally at
the indicated test values. Supply voltage level and pulse width had no
affect on programmability. Reducing VO.1 to less than 16V or decreasing
VPP below 24V resulted in numerous programing failures.

4.7 Burn-In

All devices from each vendor were subjected to a dynamic burn-in at
125*C for 160 hours. Bach device was then retestd(AC and DO) at 250C.
one device from Vendor D suffered a functional failure associated with
several addresses. All other devices from each vendor were unaffected by
the burn-in.
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5. 64K JV-EPROH

5.1 Introduction

The 2764 UV-SPRX4 (ultraviolet erasable PEON) is a 65.536 bit static
N-channel NOS erasable and reprogrammable reed only memory. Special
features include separate output (06) and chip enable (CE) control lines
and single 45V operation in the read mode. One other supply (+21V) is
needed for programming.

Each device utilizes a transparent quartz lid which allows
ultraviolet erasure. The eight tr-state data outputs allow connection
of several devices to a standard microprocessor bus. All inputs can be
driven by standard TTh circuits without the use of external pull-up
resistors, and each output can drive one stanard TTL circuit without
external resistors.

Commercial grade devices were procured from two vendors for the
characterization effort. Vendor A refers to the Intel Corporation and
vendor 0 is a Japanese vendor. Fujitsu. The Fujitsu parts were provided
to RADC by the vendor and were characterized to help assess the
technology and perhaps make some comparison to the Intel part. Table 5.1
summarizes the quantities of devices received, date code and specified
worst case access times.

Table 5.1 Devices Procured For Characterization

Vendor Part No. Access Time Date Code Quantity

A IU)2764-451B 450 6220 20
A PD2764-4511 450 8225 10
0 3M2764-25 250 8149 25

Table 5.2 provides a comparison in chip dimensions for the two
vendors. Photographs of a chip from each vendor are in Figure 5.1. Both
photographs are to the sam scale so that a visual size comparison can be
made.

Table 5.2 64K UV-EPON Chip Dimensions

Vendor Length (m) Vidth (me) Area (sq. m)

A 3.63 3.91 14.19
0 4.32 5.51 23.60
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Pinendo: A

Vendor A

Figure 5.1 Die Photo* - 8Kx8 UV-EPROK (14.84X)
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The devices provided for the characterization were packaged in 28
pin ceramic DIPS. Figure 5.2 displays the pin configuration for each
vendor.

5.2 incoming Tests

The Incoming test verified the integrity of each bit by pro-
grmming and erasing the devices with checkerboard and inverse checker-
board patterns. Six of the 30 devices from Vendor A did not pass the
incoming test. The devices from Vendor 0 exhibited no incoming failures.

5.3 DC Parameters

Table 5.3 lists the DC parameters and test conditions specified by
each of the two vendors. For the DC characterization the vendor
specified conditions were applied, except during the supply current
measurements. both vendors specify a 5.25V maximam supply voltage limit.
Since the slash sheet will specify a VCC range of 4.5V to 5.5V, the
characterization applied 5.5V to all devices during the supply current
measurements. The DC Parameters were measured at -55, 0. 25. 70, 100 and
125*C.
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VPP 1 28 :3VCC

A12 2 27 DPGM

A7 3 263 N.C.

A6 4 25 A8

A5 5 24 A9
A4 6 23 All
A3 7 22 E

A2 8 21 A10
Al 9 20 :3 CE
AO 10 19 -307

00 it 18 -306
01 12 17 -3 05

02 13 16 04

GND 14 15 p 03

Vendor A, Vendor G

Figure 5.2 64K UV-EPROM Pin Configuration
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Table 5.3 Vendor Specified DC Parameters

Vendor A Vendor a
symbol Parameter Kin Nax "in flax Units

VSC supply voltage 4.75 5.25 4.75 5.25 V

lI Supply Current 40 35 mR
(Standby)

ICC2 Supply Current 100 150 OR
(Active)

IPPI VPP Supply 5 15 mA
urrent (Read)

XIL.IIH Input Leakage 10 10 uA
Cur rent

IOtU. Output Leakage 10 10 uA
1OHZ Current

VIL Low Level Input -0.1 +0.8 -0.1 +0.8 V
Voltage

VIH High Level Input 2.0 VCC+! 2.0 VCC+l V
Voltage

VOL LOW Level Output 0.45 0.45 V
Voltage IOL-2.lmA OL=2.lmk

VON High Level Output 2.4 2.4 V
Voltage IOH--400uA IOH=-400uA

5.3.1 Leakage Current

No leakage current failures were found and all measured currents
were well below the manufacturer's specified maxim limit of RuA.

Output leakage currents were also within the manufacturer's
specified limit of 10uA.

5.3.2 Logic Output Voltage (VON, VOL)

All devices passed their specified VON limit. The VWN results were
summarized by finding the minimm VON for each device (eight VON values
per device) and taking the average of the minim over all the devices.
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The average minimum VOH values versus teimperature for both vendors are
plotted in Figure 5.3a. Since both vendors specify the same output
current condition (IOH) of 400uA. the plot gives a good indication of the
difference in minimum VOH values. According to the plot. Vendor A values
are slightly lower than Vendor 0 values.

As with VOH, all devices passed the vendor specified VOL limits at
all temperatures. In summarizing values for VOL. the maximm value for
each device is used to calculate an average that is plotted for each
vendor in Figure 5.3b. Since IOL for both vendors is 2.lmA. the plot in
Figure 5.3b allows a comparison of VOL values for both vendors. The plot
shows Vendor G values were significantly higher than Vendor A values, but
well within specifications.

5.3.3 Input Logic Level Sensitivity

Two devices from both vendors were subjected to worst case access
time measurements to determine their sensitivity to various input logic
levels. Three different sets of input conditions were used: they are as
follows:

CASE 1: VIL a 0.4V. VIH a 3.OV

CASE 2: VIL - 0.6V. VIH - 2.4V

CASE 3: VIL - 0.SV. VIH - 2.OV

While varying input voltage levels, measurements were made of access
time at 250C with VCC levels of 4.5V. 5.0V, and 5.5 volts. Access times
at 25*C for three different cases are displayed in Table 5.4 below.

Table 5.4 Access times for 3 different cases of input logic levels at

25*C.

VfIDOR A

TAVQV TAVQV TAVQV
VCC for for for

S/N (Volts) CASE 1 CASE 2 CASE 3

4.5 212 US 212 No 212 US

11 5.0 212 us 212 US 212 US
5.5 213 us 217 NS 213 MS

4.5 232 =m 232 M 231 US
20 5.0 232 us 232 Us 231 U

5.5 234 no 234 M 232 I
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Figure 5.3a Average of Minimum VOH Values
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Figure 5.3b Average of Maximus VOL Values
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Table 5.4 Cont'
VENDOR 0

TAVQV TAVQV TAVQV
VCC for for for

S/N (Volts) CASE 1 CASE 2 CASE 3

4.5 141 MS 141 S 141 MS
1 5.0 131 US 131 US 131 US

5.5 128 S 128 US 130 MS

4.5 156 US 155 MS 156 MS
5 5.0 141 3S 139 S 141 MS

5.5 127 US 127 S 128 MS

The data from Vendors A and 0 show little sensitivity to the three
different logic level conditions.

Access time sensitivity due to varying supply voltage for the two
vendors can also be seen in Table 5.4. For Vendor A. VCC had no
significant impact on access time. Raising the supply voltage for
Vendor G devices resulted in faster access times.

5.3.4 Supply Current (ICC)

Three supply current measurements were performed on each device at
the six selected temperatures. They are as follows:

a.) ICCI - measured while device is deselected (standby).
b.) ICC2 - measured while device is In active state.
c.) IPPI - measured during READ.

All measurements of ICC1 and ICC2 for both vendors were well within
their specified limits. Average values of ICCI and ICC2 versus
temperature. for both vendors. are plotted in Figure 5.4. The plots show
that Vendor A devices have a slightly higher ICCI than Vendor a devices,
whereas Vendor G has a slightly higher ICC2 current than Vendor A.

The IPPI measurement was taken while continuously performing READ
operations. IPPI was measured on all devices from each vendor. An 1PPl
value per device and an average IPPI per vendor is displayed in Table
5.5. This table gives a sample of 10 devices from each vendor. All
measurements of IPPI for both vendors were found to be well within the
specified limit of 5MA.
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Figure 5.4a Average of I cc
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Figure 5.4b Average of I CC2

89

I ___ ____ ____ _____ ____ _ 4;0



Table 5.5 Average Values of IPPI (Supply Current at Read)

Vendor A Vendor 0

IPPI (Supply Current at Read) IPPI (supply Current at Read)

S/N IPPI Units S/N IPPI Units

2 .808 OR 4 .742 MR
3 .758 5 .758
4 .8 6 .775
6 .808 7 .767
1 .758 8 .7
a .65 9 .725
9 .808 10 .775
10 .608 11 .75
11 .8 12 .767
13 .8 13 .767

IPPl Vendor A Average * O8mA IPPI Vendor G Average *0.753mA

5.3.5 Input/Output Pin Capacitance

Capacitance measurements were performed on selected pins of three
devices from each vendor. Table 5.6 lists the min~avg.max measurement
data and the vendor specified limits. Both vendors' capacitance
measurements fell below their maximu specified limits. Vendor A parts
tend to have a lower capacitance per pin than Vendor G.

Table 5.6a Vendor A Min.Avg.Max Pin Capacitance

Pin Min Avg max Limit Unit

AO-A12 2.9 3.2 5 6 pf
00-07 4.2 5.3 6.5 12 pf
CK 3.2 3.2 3.2 6 pf
08 3.0 3.0 3.0 6 pf

Table 5.6b Vendor 0 Kin.Avg.Nax Pin Capacitance

Pin Min Avg Mlax Limit Unit

AO-A12 3.3 3.77 5.5 6 pf
00-07 6.8 8.0 9.2 12 pf
Ca 3.4 3.4 3.4 6 pf
09 3.2 3.2 3.2 6 pf
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5.4 AC Characterization

Table 5.7 lists the AC parameters that were characterized and the
vendor specified limits.

All AC measurements discussed in this section were made with output
compare levels of 2.4V and 0.45V.

Table 5.7 Vendor Limits for AC Parameters

Vendor A Vendor G
min max Mn Max

TAVQV - 450 nS - 250 nS

TKLQV - 450 nS - 250 nS

TOLQV 10 nS 150 nS 10 nS 100 nS

TAXQX 0 nS - 0nS

5.4.1 Vendor A AC Parameters

Four timing parameters were measured on Vendor A devices. They are
TAVV. TELQV, TOLQV, and TAXQX. These parameters were characterized
under the following test conditions:

Temperature - -55. 0. 25. 70. 110. 125eC
VCC - 4.5V. 5.5V
VIL a 0.4V. VIH - 3.0V (CASE 1)
VIL - 0.6V. VIM - 2.4V (CASE 2)
VIL - 0.$V. VIM - 2.OV (CASe 3)

One parameter. TAXQX. exhibited no failures. When functional
testing began, a significant number of TAVQV, TBLQV, and TOLQV failures
occurred at high VCC. low temperature and CASE 3 logic levels.
Investigation showed that excessive amounts of ground noise (.4V to .6V
peak) was present on the DUT ground. This problem was remedied by
replacing the large zero insertion socket with single wire-wrap type
socket pins. This brought the device extremely close to the ground plane
of the test adapter and reduced the noise to a very low level, thus
reducing the number of failures. However, as Table 5.8 Indicates, Vendor
A devices still exhibit sensitivity to low temperature and high VCC even
after modification of the test adapter. Although input threshold
measurements were not taken on these devices, It is suspected that Vendor
A devices exhibit marginal logic high thresholds as do vendor A REPlt0N.
This condition prevents proper operation when small amounts of tester
noise are present and Case 3 logic levels are used.
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Table 5.8 Failures Remaining After Reducing Ground Noise

S of Failures at Specified Temperature

-559C 06C 250C 70c 1100C 1250C

TAVQV at CASE 3. VCC5.SV 9 1 0 0 0 0
TELQV at CASE 3. VCC-5.SV 17 2 1 0 0 0
TOLQV at CASE 3. VCC-5.5V 9 3 1 0 0 0

5.4.1.1 Address, Chip Enable, and Output Enable Access Times

Minimum. Average, and Maximum plots of TAVQV are displayed in
Figures 5.5 and 5.6 for two cases of logic levels. Plots of TAVQV for
CASE 2 were not displayed because of the close similarity to CASE I
results. TAVQV in Figure 5.5 increases slightly over the range of
temperature. No significant difference in access time due to a change in
VCC could be found. Figure 5.6 shows address access time for CASE 3
logic levels. At VCC - 4.5V the plot is very close to those at the other
two cases of logic levels. However, at 5.5v TAVQV increases an average
of 65 nsec from 0"C to -550C. This sensitivity only becomes apparent at
this worst case logic level.

Chip Enable Access Time (TBLQV) is plotted in Figures 5.7. 5.8, and
5.9. Figure 5.7 displays TELQV for CASK 1 logic levels. At 4.5V, TELQV
decreases from an average of 202 ns at 1250C to 144 ns at -55*C. For 5.5V
the trend is the same except for the lower temperatures (0 to -55C)
where TELQV increases slightly. Figure 5.8 shows T1ELQV for CASE 2 logic
levels. Here the trend is similar to that in CASE 1 except the
sensitivity to low temperature at 5.5V is much more pronounced. For CASE
3 logic levels in Figure 5.9. the plot at 4.5V also displays this
sensitivity. TKLQV begins to Increase from 155 ns at 70"% to 435 ns at
-550c. Since CASE 3 (VIM - 0.8V. VIL - 2.OV) is a worst case logic
level, the sensitivity, if present. is expected to be at its greatest.

Figure 5.10 displays Output Enable Access Time (TOLQV) for CASE 2
logic levels. Plots of CASE 1 and CASE 3 are not displayed because of
their similarity to CASE 2. As shown, the trend Is for TOLQV to Increase
as temperature increases at both values of VCC.

5.4.1.2 Address to invalid Output (TAXQX)

Plots of TAXQX for CASE 2 may be seen in Figure 5.11. As with
TOLQV, plots of CASE 1 and CASE 3 logic levels are omitted due to their
similarity to CASS 2. From the plot. TAXQX increases with an increm of
temperature and does not change appreciably with a higher level of VCC.
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Figure 5.6 Vendor A - Address Access Time vs. Temperature
for CASE 3 Logic Levels

94

w. s~t-

w.~~~~~- "T.14-' ::, -", ' ' .. . , . 'mo''



TZIQV (n-sc) VCC m4.SV

AVERAGE

IS

MINIMUM-

TEMP AURE (VC)

Fiur 57TendrQV Ci (n-eec AcceC Ti vs.5Vsiea

foMCSEI ogc evl

AVERA9E

74
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5.4.2 vendor 0 AC Parameters

All Vendor 0 devices were well within their specified limits over

the commercial temperature range (-25 to 5*C) and over the extended
temperature range (-55 to 125"C). Vendor 0 parameters were characterized
at CASE 3 logic levels. No parameter measurement exceeded the vendor
specification for the four parameters; TAV1QV, TBLQ. TOLQV, and YAXQX.

5.4.2.1 Address. Chip Enable, and Output Enable Access Times

Figure 5.12 summarizes the measurement results of address access
time (TAVQV) at VCC - 4.5V and VCC - 5.5V. Each set of three points at
one temperature represents minimum (min). average (avg). and maximan
(max) parameter values. The values at each temperature are for the 25
devices.

The plots of (TAVQV) for both cases of VCC display identical trends.
Access time first decreases from -55 to 0C then increases sharply from
0*C to 125"c. Access time at -55"C seem to be more sensitive at
VCC - 5.5 volts than for VCC - 4.5 volts. At VCC - 5.5V. TAVQV is
significantly lower than at VCC - 4.5V.

Figure 5.13 displays (min. max. avg) plots of chip enable access
time (TELQV) at two cases of VCC. The sensitivity at -55C seen for
TAVQV is reversed here for TELQV. The plot of VCC - 4.5V displays a
greater sensitivity to -55"C than the plots of VCC - 5.5V. The two plots
of output enable access time (TOLQV) are shown in Figure 5.14. TOLQV is
very similar for both cases of VCC. The major difference in the two
cases is that TOLQV is ' er by an average of 7.5 nsec for VCC - 5.5V
than for VCC - 4.5V.

The plots of Address, Chip Enable, and Output Enable Access times
illustrate that within the extended temperature range (-55 to 1254C) all
devices meet their commercial specifications even though VCC Is beyond
the 4.75V minimum and 5.25V maximum vendor limits. A sensitivity for
high VCC and low temperature was seen for TAVOV. while TWLQV was
sensitive at a low VCC and a low temperature.

5.4.2.2 Address to Invalid Output (TAXQX)

The plots in Figure S.15 illustrate the minimm. average. and
maxima values of the Address to Invalid Output parameter (CTXQX). The
two curves displaying TAXQX at VCC w 4.5V and VCC - 5.5V are very
similar. No appreciable difference can be seen over the entire
temperature range of -55 to 1259C. At both VCC cases, TAXQX increases
almost linearly from -55 to 125C. Overall, TAXQX was well within the
minima cemrcial specification of 0 nsec.
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5.4.3 Vendor A. Vendor 0 Output Disable Time (TOHQZ)

The current measurement method was used to determine the disable

time of ten devices from each vendor.

Table 5.9a and 5.9b list data for vendors A and 0. A sample of ten

devices from each vendor was tested in the VO and VOL logic states. The

only significant difference between vendors Is that Vendor A is an
average of 2 nsec faster than Vendor 0. The output disable time is
higher by an average of 5 nsec when the output is initially in the VOL
logic state compared to an initial VOH state.

Table 5.9a Output Disable Time - Output initially at VOlt

Vendor A Vendor 0

S/N TOHQZ TOPW

1 15 nsec 16 nsec
2 16 16
3 15 17
4 14 18
6 15 17
9 14 18
10 14 17
13 14 17
14 14 16
20 15 17

Table 5.9b Output Disable Time - Output initially at VOL

Vendor A Vendor 0
S/N TOIQI TOWQ

1 22 nsec 21 nsec

2 23 22

3 23 22
4 20 24
8 22 23
9 21 24

10 20 24

13 20 23
14 20 24
20 22 23
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5.4.4 AC Characterization Summary

In general, Vendor A devices are slower then Vendor G except for
output disable time(TOHQZ). At 5.5V. TAVQV. TELQV. and TOLQV times

tended to increase. No appreciable change was noted in TAXQX at
VCCx5.0 volts.

5.5 Pattern Sensitivity

March, Address Complement. Row-Colunn Complement. and Gallop test

patterns were implemented on six devices from each vendor to determine
their address access time sensitivity at 25*C. Data was accumulated at
VCC a 4.5V and VCC = 5.5v. The following cases of logic levels were used
in this test:

CASE 1: VIH - 3.OV. VIL - 0.4V
CASE 2: VIH = 2.OV. VIL - 0.8V

Table 5.10 displays worst case access times for the four test
patterns at each set of logic levels. Each value in the table represents
the average access time for the six devices from each vendor. The access
time from pattern to pattern does not differ appreciably for either
vendor. For example. Vendor A at CASE 1 and VCC - 4.5V. the access time
for the March pattern is 203 ns. whereas the Gallop pattern yielded
207ns. This difference is insignificant when considering the execution
times of the two patterns. The Gallop pattern is frequently considered
worst case because of the address decoder activity it generates.
However, the execution time is approximately 9 minutes as compared to 3-5
sec for the March. To isolate an access time limit using Gallop required
eight successive test executions for a total elapsed time of over one
hour. The March and Address patterns take seconds to execute. The Row-
Column complement test pattern execution time was also a matter of
seconds.

The Address complement and Row-Column Complement patterns, unlike
the March pattern, provide complementing action each memory cycle.
Because the Row-Column Complement pattern, along with the data pattern
in Figure 2.2, verifies address uniqueness. it is recommended for the
slash sheet.
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Table 5.10a Vendor A Pattern Sensitivity

TAVQv. CASS 1 TVQV. CASS 2
Vendor A VCC - 4.5V VOC - 5.SV VCC - 4.5V VC- 5.5V

March 203 rs 206 ns 203 no 206 no
Address Complement 206 ns 209 ns 206 ns 209 ns
Row-Colum Complement 204 ns 207 us 205 ns 206 n
Gallop 207 ns 209 rn 205 no 206 ns

Table 5.10b Vendor a Pattern Sensitivity

TAVQV, CASS 1 TVQV. cASE 2
Vendor O VC -4.5V VCC a 5.5V VCC s 4.5V VCC 5.5V

March 149 ns 132 ns 150 ns 129 ns
Address Complement 150 ns 131 ns 150 ns 132 ns
Row-ColIUM Complement 148 rs 129 ns 149 ns 130 nq
Gallop 149 ns 132 ns 149 ns 132 ns

5.6 Programming Parameters

Progr mning perimters were tested at 250C for VCCs of 4.5V. 5.0v.
and 5.5v and VPP progrmming voltages of 15V. 17V 21V. and 22V. Two
devices from each vendor were tested at each level of VCC. This test
consisted of fixing the parameter to be tested at a value ;hat would
verify the manufacturer's limits. This was performed while keeping the
other progrming pariters at a nominal value. Sixty-four (64) byte
locations were then programmed at each VPP. This resulted in a total of
256 progrmmed locations for each fixed progrmming perameter value at
each VCC per device. The programming integrity of the parieter tested
was then verified by checking the state of the programed byte locations.

The prograiming parameters and the values they were verified at are
as fol lows:

1. Address Setup Time (TAVPL) Ous. lus. 2us
2. Chip rnable Setup Time (T3LPL) Ous, lus. 2us
3. Data Setup Time (TDPL) Ous, lus. 2us
4. Data Hold Time (TPLJS) Ous. lus. 2us
5. VPP Setup Time (TW ) Ous, lus, 2us

6. Pa Pulse Width (TPLPH) Ous. lus. 2us
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Table 5.11 lists each vendor's programming parameters and the

specified limits. All programming verifications were made with output
compare levels of 2.4V and 0.4V.

Table 5.11 manufacturer's Specified Limits for Programming Parameters

Parameter Vendor A Vendor 0 Units
Min Max Min Max

TAVPL 2 - 2 - usec
TELPL 2 - 2 -

TDVPL 2 - 2 -

TPLDZ 2 - 2 -

TVVPL 2 - 2 -

TPLPH 45 55 45 55 usec

VPP 20.5 21.5 20.5 21.5 V

Table 5.12 below shows the results of the characterization. The

table displays the number of programmed bytes out of a possible

sixty-four (64) for each test condition. Each value represents an

average of two devices per VCC.

From the table. Vendor A devices display little progra mability at

VPP - 17V and VCC - 4.5V. As VCC increases from 4.5V to 5.5V. a notable

increase in programmed cells occur. At a VCC of 5V. the number of cells
programmed at VPP - I7V is an average of 26% of the maximm. For VPPs of

21V and 22V. 100% of the cells were found to be programmed over the

entire range of VCC. No significant change in programmability could be

seen when program parameter timing was varied.

Vendor 0 devices also show some degradation of programming integrity

at VPP w 1IV. At this VPP and a VCC of 4.5V. 99% of the cells

programed. As VCC increased, the number of unprogramed cells at

VPP a 1IV decreased. All cells were found to be programmed at VPPs

of 21V and 22V over the range of VCC. No significant change in

programmability could be seen over each parameter's range of fixed

values.

For both vendors. programing integrity was also checked at a VPP

of 15 volts. No cells in any device from either vendor programed at

this voltage.
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Table 5.12a Vendor A - Number of Prograed bytes for Various
Programming Conditions

Perameter VCC-4.5V VCC-S.Ov VCC-5.5V(at fixed VlPP-7 21 22 WP-17 21 22 VPP-17 21 22
value)

TAVPL (2us) 1 0 25 0 0 30TAVPL (IUs) 0 0 * 22 * 0 30 0 0?AVPL (Ous) 0 0 0 19 0 * 30 0

?KL (2us) 0 0 0 19 0 0 30 0 0TSLPL (lus) 0 0 0 22 0 0 25 0 0TRLPL (Ous) 0 0 15 27 0 0

TVPL (2us) 0 i 8 24 0 0TDVPL (us) 0 1 15 * 0 28 0 *IDVPL (Ous) 0 17 * 28 * *

TPLDZ (2us) 0 1 0 12 0 0 27 0 0TPLDZ (lus) 0 0 18 0 27 0 0?PLDZ (Ous) 0 0 0 13 0 0 25 0 0

VVPL (2US) 0 0 0 14 * * 21 0 0TVVPL (1Us) 4 * 0 31 0 0 44 0 0TVVPL (0Us) 0 0 14 0 24 0 0

T LPH (40mS) 0 3 0 0 6 0 0TPLPH(4Sms) 0 0 0 12 0 0 19 0 0TPLPI (55M) 0 0 4 * 30 0 0

Note: 0 represents all 64 byte locations programmed.
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Table 5.12b Vendor 0 - Number of Programmed Bytes for Various
Progr amoing Conditions

Parameter VCC.4.SV VCC&5.OV VCCuS.SV
(at fixed VPPl17 21 22 VPPnl7 21 22 VPPwl7 21 22
Value)

TAVPL (2us) 62 a aa a a* a
TAVPL (lus) 63 a aa a aa a a
TAVPL (Ous) 63 a aa a aa a a

TELPL Q2UO 64 a a a a a a a a
TRLPL (lus)a a aa a aa a a
TEI.PL (Ous)a a aa a aa a a

TDVPL (2us)a a aa a aa a a
TDVPL (lus)a a aa a aa a a
TDVPL (Ous) a64 a a a

TPLDZ (2us) a a aa a a 63 a a
TPLDZ (lus)a a aa a aa a a
TPLDZ Mug) a a a a a a a a a

TVVPL (2us)a a aa a aa a a
TVVPL Gus)a a aa a aa a a
TVVPL (Ous)a a aa a aa a a

TPLPH (40ms) 58 a a 64 a a 62 a a
TPLPH (45m5) 63 a a a a a 63 a a
TPLPII5MRS) 63 a a a a a a a a

Note: a represents all 64 byte locations programmed.

5.7 Erasure Characteristics

six devices from each vendor wre subjected to ultraviolet light
(253.7rin at 6700uW/cm2) for Increasing Intervals of time to determine
their erasure characteristics. Bach device had been programmed
using the values of parameters given in the programing parameter
characterization described in section 5.6.

Table 5.13 summarizes the erasure time data. trasure times shoun
are correlated to the six programming parameters that were each applied
to certain cell locations in the device.

It is concluded. as one may suspect. that erasure time to indicative
of the relative amount of charge stored during programming. The smunt
of charge stored Is affected most by the VPP amlitude and not
significantly affected by pulse width or setup and hold times.
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Table 5.13 erasure Time (in seconds) of Six Devices
for Various Progrmning Parameters and Voltages

Vendor A Vendor G
VPP VPP

17V 21V 22V I7V 21V 22V

TAVPL (2usec) 5 90 90 40 90 90
TAVPL (lusec) 5 90 120 40 90 90
TAVPL (Ousec) 5 90 120 40 90 90

TKLPL (2usec) 5 90 120 40 90 90
TKLPL (lusec) 5 120 120 40 90 90
TZLPL (Ousec) 5 90 120 40 90 90

TDVPL (2usec) 5 120 120 40 90 90
TDVPL (lusec) 5 120 120 40 90 90
TDVPL (Ousec) 5 120 120 40 90 90

TPLDZ (2usec) 5 90 120 40 90 90
TPLDZ (lusec) 5 90 120 40 90 90
TPLDZ (Ousec) 5 90 120 40 90 90

TVVPL (2usec) 5 90 120 40 90 90
TVVPL (lusec) 5 90 120 40 90 90
TVVPL (Ousec) 5 90 120 40 90 90

TPLPH (40ms) 5 90 120 40 90 90
TPLPH (45Ms) 5 90 120 40 90 90
TPLPH (44Ms) 5 120 120 40 90 90

5.6 Bake

High temperature bake of UV-1DR0N helps to accelerate the loss of
stored charge in a progrmmed cell. Data retention of the device at high
temperature can be determined in this way.

A static bake was performed on six devices from each vendor. The
bake test consisted of progriIng the devices with a data pattern prior z
to high temperature bake. Once progrmmed. the devices were placed in an
oven at 1506C. After 48 hours the devices were removed from the oven and
the progrmmed pattern was verified at 25*C.

This bake cycle was repeated six times for both vendors giving a
total bake time of 28S hours. During this period of time there was no
loss of data from any of the devices.
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6. 16K Registered Output PROM

6.1 Introduction

The 27545 is a Registered Output PROM employing fusible links of
Platinum-Silicide (Pts). The memory array is configured 2K x 8 and has
an 8 bit register with tri-state outputs. The output enable line (2/'s)
may be programed to be synchronous or asynchronous depending on the
particular application requirements. A programable Initialize wrd
(2049th memory location) say be loaded onto the output asynchronously by
pulling the initialize input low. A photograph of the die from Vendor H
is shown in Figure 6.1. Table 6.1 lists device part number.
quantities. and date code. Table 6.2 lists the die size. A block
diagram of the 2IS45 is shown In figure 6.3.

Sources for the device included AMt (27S45) and Texas Instruments

(28R166). Although 28R166's were ordered from Texas Instruments.
availability problems precluded the characterization of this device. Al)
(Vendor H) responded by sending fifteen 27S45's whose characterization is
the focus of this section.

Table 6.1 Devices Provided for Characterization

Vendor Part No. Date Code Quantity

H 27545 8244 15

Table 6.2 16K Registered Output PROM Chip Dimensions

Vendor Length (me) Width (m) Area (sq. M)

H 5.61 3.43 19.24

6.2 Incoming Test

Unprogrammed device cells store a logic low. Upon receipt, all

devices were blank checked to verify that no fuses had been programmed.
Mo failures occurred during this incoming test procedure.

Programming of the Registered Output PRO19 was accomplished on the

5-3270. Since the access time of a registered output PROM is actually
the delay from the register clock to its output. pattern sensitivity Is
essentially non-relevant. In view of this fact, use of the PRON pattern

specified In the 'data patterns' section of this report was not required.
For the sake of simplicity all devices were programed with an
alternating checkerboard pattern.
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PIN I

VENDOR H

FIGURE 6.1 DIE PHOTO - 2K X8 FPROH (14.84X)

&. 113

.................... ........................



A7 1- 2 4 vcc
A6 r-2 23 "A8
A5 "-'3 22 "A9

A4 r-4 21 :: A10
A3 5- 20 -'y

A2 r 6 9 PR i is
Al r 7 18 "1CP
AO 8" 17 0~8
o01I 9 16 07
02 10 1o5 "0 6
03 r"11 14 05o
GND --12 13 "0 4

Vendor H

Figure 6.2 16K Registered Output PROM Pin Configuration
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A1O

A9 I of 12g 128 z 128
AS PIvoVribleA7  liAM e Array

A6a
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AO %-odeE I I

M~IT Is f owi.Iiaipp Word

Cl C1 S-bit Edge Triggered aLatet

% q1  92 % Q s % 97

Figure 6.3 27S45 Block Diagram
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6.3 DC Parameters

Table 6.3 lists the vendor specified DC Parameters and their
respective limits.

Table 6.3 Vendor Specified DC Parameters

Symbol Parameter Min Max Units

VCC Supply Voltage 4.75 5.25 V

ICC Supply Current 185 OR

IIL Input Leakage -250 uA
Current Low VINO0.45V

IIH input Leakage 40 UA
Current High VINVcC

WCax output Leakage +/-40 uA
(Tri-State)

Vic input Clamp Diode -1.2 V
voltage IINin1l8m

VOL Low Level output 0.5 V
voltage IOL-16AR

VON High Level Output 2.4 V
voltage IOH2mA

lOs Output Short -20 -90 OR
Circuit Current

6.3.1 Leakage Current (11L. Ilk)

11)1 measurements were significantly less than the 40uA maximum
vendor specified limit over the full military temperature range(See,
Figure 6.4). IlL measurements were slightly less than the vendor
specified typical of -2OuA but such less than the maximum specification
of -250uA. Averag. values ranged from -12.SuA at -55*C and Increased to
-9.5uA at +1250C.
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Figure 6.7b Supply Current at VCC - 5.5V (ICCH)

j 120



6.3.2 Logic Output Voltage (VOL, VOH)

The output voltage low (VOL) specification for the 27945 is 0.SV
maxima. The average VOL measurement was 400mv at -556C which increased
to 430MV at *125*C. Again, this was sufficiently below the specified
maximm (See Figure 6.5). The VON parameter's sensitivity to temperature
was significantly more pronounced. The average VON measurement of 2.84V
at -55C increased to 3.28V at +1250C in a non-linear fashion. Although
this parameter displays a fair mount of sensitivity to temperature. it
sufficiently exceeds the manufacturers specified minim. of 2.4V and
therefore presents no problem.

6.3.3 Input Threshold Voltage (VIL.VIH)

The variation of the average input threshold voltage over the full
temperature range was 150mV. The curves shown in Figure 6.6. indicate a
spread of less than 125MV at -559C which increases to 4500V at +125*C.
This wide variation at +1250C is due to a few parts that exhibit more
temperature sensitivity than the rest. Despite this variation amng
devices, the input voltage threshold is still well within the VIL to VIH
band (0.8 max to 2.OV min) specified by the vendor.

6.3.4 Supply Current (ICCL. ICCH)

Supply current. at 4.5V and 5.5V respectively, generally
decreased with increasing toemperature(Figure 6.7). The average values
for ICCL and ICCH over the full temperature range were 104mA and 18mf
max. The worst case supply current delta between temperature extremes
was approximately 4mA.

6.3.5 Input Clamp Diode Voltage (VIC)

The input clap diode voltage exhibited excellent linearity over
temperature as expected(See Figure 6.8). Again, this Is due to the
linear proportionality of P-M junction voltage to temperature. The
average VIe measurement was -6750V at -55"C which increased to -500v at
*125"C. an approximate lw/*C slope. all values over the temperature
range were well within the maxima specified limit of -l.SV.

6.3.6 Output Short Circuit Current (106)

By convention, current into the device is considered positive.
Therefore. the negative 106 current is a current sourced by the device.
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The curves for VOt (shown in Figure 6.5b) and 106 (shown in Figure 6.9),
illustrate the direct relationship between output voltage and output
short circuit current with respect to temperature. moth sets of curves
are similar in their general trend and shape. The average short circuit
current at -55*C is -23.5mA and increases to -32nA at *1250C. slightly in
the low end of the -2OmA to -90m specified range and below the -40mR
typical as set forth by the vendor.

6.3.7 Input/Output Pin Capacitance

Table 6.4 Vendor H Min. Avg. and Max Pin Capacitance

Pin Min Avg Max Typical Value Unit

WO-AN0 3.9 5.9 6.4 5 pf
INIT 6.0 6.1 6.2 5 pf
K/93 6.4 6.6 6.8 5 pf
C1 3.8 3.9 4.1 5 pf
01-06 13.6 15.2 16.5 12 pf

6.4 AC Parameters

Of the fifteen devices whose AC parameters were characterized
serial numbers I thru 10 were characterized in the asynchronous or
normal mode of operation and the remaining devices, serial numbers 11
thru 15. were programed In the synchronous mode. A list of the AC
parameters that were characterized is given in Table 6.5 below.
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Table 6.5 Vendor Limits for AC Parameters

PARAMETER SYMBOL LIMIT
Mi MAX UNITS

Clock pulse width low TCLCH 20 - nsec

Clock pulse width high TCHCL 20 n c

Address to clock set-up time TAVCL 45 nsec

Enable to clock set-up time TEXCH 15 --- nsec

Address to clock hold time TCHAX 0 --- nsoc

Enable to clock hold time TCHzX* 5 --- nsec

Clock high to data valid TCHDV --- 30 nsec

Enable low to output active TELQX --- 30 nsec

*Synchronous mode parameters only

6.4.1 Clock Pulse Width Low and High (TCLCH and TCHCL)

The general trend for both TCLCH and TCHCL was decreasing pulse
widths with increasing temperature i.e.; the maximum operating frequency
increased with temperature and VCC(See Figure 6.10 and 6.11). Some minor
failures occurred at the worst case conditions of -55"C and VCC-4.25V
with clock pulse low measurements of 22 nsec. Since these devices were
screened to 883B. class C. the operating range for VCC is 4.75V to 5.25V
only. In that range the worst case condition (4.75V at -55C) yielded a
minimum clock pulse width of 18 nsec which is below the vendors specified
minimm of 20 nsec.

6.4.2 Address to Clock Set-up Time (TAVCM)

The required time for an address to be stable before the clock pulse
can be applied is the address to clock set-up time. The general trend
for this parameter was for decreasing set-up time with increasing
temperature and WC(Fgure 6.12). The vendor specified minima of 45
nsec is more than adequate with worst case measurements of 30 nsec being
"do at -55*C and 4.25V VCC down to a minimum of 16.5 nscc for VCC-5.25V
at 250C.
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6.4.3 Clock to Address Hold Time (TCKAX)

The total variation between minima and maximss TCHAX measurements
was only 4 nsec worst case across the temperature and VCC range(See
Figure 6.13). Average values ranged from -6.5 nsec at -55*C and nominal
VC(5.OV) to -12 nsec at +1250C. At lower temperatures . -55*C to 25*C.
the hold times decreased with increasing VCC. This may be attributed to
the fact that hold time Is a function of the charge/discharge time of
internal circuit nodes. Stiffer driving currents (due to higher supply
voltage) tend to decrease these charge/discharge tines. At 125C
however. higher internal resistances tend to dominate thereby increasing
charge/discharge times and therefore hold times. All values were well
below the 0 nsec mintiat as specified by the vendor.

6.4.4 Unable to Clock Set-up Time (TEXCH)

This parameter applies to the synchronous mode of operation only and
is the minima time the enable signal must be present before the clock
transition occurs. The range of values over temperature was 6 nsec to 11
nsec. worst case minimm to worst case maxiam(Figure 6.14). The average
values remain relatively constant over temperature but decrease slightly
with Increasing VCC. All values, again. wre well below the vendor
specified minim of 15 nsec. Referring to the graphs of TUXCH in Figure
6.14. it is significant to note that the plots' step-like response is a
result of the measurement deltas being close to and in some cases within.
the resolution of the 5-3270 Test System. Step type transitions may not
necessarily be the response of the device but may instead be a function
of the tester.

6.4.5 Clock to Rhable Hold Time (TCHRX)

TCHUX is also a synchronous function only and exhibits a very
confined response to temperature and VCc. The trend for average values
is for increasing hold time with increasing VCC(See Figure 6.15). Worst
case average values of -6 nsec at -550C and 4.25V VCC to -1.5 nsec at 25
C and 5.75 volts VCC are comfortably below the vendor specified minimum
of 5 nsec.

6.4.6 Clock High to Data Valid (TCHDV)

Clock high to date valid is the delay time through the output
register flip-flops. and exhibits a response that is fairly typical of
most bl-polar 1I devices. The paremeter decreases at a relatively
linear rate with increasing VOC. Tmperature variations affect the
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response only slightly with a 4 nsec variation in average values over the
full military temperature range (See Figure 6.16). The maximum value of
26 nsec at -550C and 4.25V VCC is less than the 30 nsec specified
maximum.

6.4.7 Output Buffer Turn-on Time (TZLQX) - Asynchronous Mode

utput buffer turn-on time is a delay through the output buffer
circuitry and is very similar to TCHDV as discussed above. Over the full
temperature range TELQX exhibits a bath-tub type curve (see Figures
6.17a, b. and c): i.e. decreasing values from -55C to 250C, flat to
1000C and slightly increasing to +125*C. All devices were at or below
the vendor's limit for TELQX within the specified VCC operating range of
4.5V to 5.5V. All values decrease rather linearly with increasing VOC.
Average values ranged from 28 nsec at 4.5V VCC and -550C to 22 nsec at
4125*C and 5.5V VCC.

6.4.8 Output Disable Time(TRHQZ)

Output disable time is summarized in Table 6.6 below.

Table 6.6a Output Disable Time - Output initially at VOL

S/N TEHQZ Units

1 26 nsec
2 28
3 26
4 27
5 30
6 30
7 32
8 32
9 30
10 28
11 20
12 20
13 20
14 20
15 20
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Figure 6.16 Vendor H -Clock Hgh to Dat Vlid Time vs, VCC (Tep,-25*C)-'39

mm -.

U -

o .* .1........

45 43 411 11 * 3t 111

i Fiure 6.16 Vendor K - Clock Higlh o Data Valid Time vs. VCC (Tep-25eC)

t39-

- .. :.+i :+ +,+**- ,-,,..
, ;- : .*++,.L .''iJ.+,  •".+a

= " m _ + _ I - -.-- -..



AWN

-i -~--------

tom to,,,,,n

U IWdt

Figure 6.16c Vendor H - Clock High to Data Valid Ttme vs. VCC (TeM.--355C)

140

~ a--. v



U _ _ _ _ _ _ _ _ _ _ _ _ _ _

nw a

to S & to to to In

Figure 6.17a Vendor H -Output Buffer Turn-on Tim. vs. VCC (Temp.'.23C)

UA

MR

Figure 6.17b Vendor H -Output Bffter Turn-on Tim vs. VCC (Teq.u125*C)

141



6

0 a

Figure 6.17c Vendor H -Output buffer Turn-on Time vs. VCC (Temp..'-55C)

142



Table 6.6b Output Disable Time - Output initially at VOH

S/n Toms Units

1 24 nsec
2 23
3 25
4 23
5 25
6 25
7 26
6 25
9 25
10 24
11 26
12 26
13 27
14 26
15 27

6.5 AC Characterization Summary

The Am) 27S45 performed well during AC characterization despite the
fact that it was not an 883 device. It operated beyond the
manufacturer's specified range for both VCC and temperature and in all
but one instance, within the vendor's specified limits. The values and
trends exhibited by the 27845 were typical of bi-polar devices of similar
size and complexity. The ability to be programmed for synchronous or
asynchronous operation along with the initialization function gives the
device added flexibility and desirability over more standard ROn devices.
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7. 16K-STATIC RAN

7.1 Introduction (16K X I Static RAM.)

The IN1OS IMS1400M and Integrated Device Technology(IDT)
IDT6167L85 are 16.384 bit high speed Static RAMs organized as 16K X 1.
featuring access times of 7OnS and 85nS respectively. Other features
include chip enable (Cc) - controlled low-power standby mode and single
45V operation. I-MOS technology was used by Inmos while IDT used CHOS.

Military grade(883B) devices from each vendor were provided for the

characterization. Access times of the devices provided by Inmos and IDT
were 7Onsec and 85nsec respectively. Vendor I refers to Irmos and Vendor
J refers to IDT. Table 7.1 summarizes the device part number. date code.
access time, and lot quantity.

Table 7.1 Devices Provided for Characterization

Vendor Part No. Access Time Date Code Quantity

I INS1400H 70nS 8227 23

3 IDT61671.85 85nS 8243 20

Table 7.2 provides the chip dimensions !or the two vendors. Micro-
photographs of a die from each vendor are shown in Figure 7.1. Both
photographs are to the same scale so that a visual size comparison can be
made.

Table 7.2 16Kx1 Static RAM Chip Dimensions

Vendor Length (I) Width (i) Area (sq )

1 6.46 3.09 19.9

3 6.27 3.30 20.69

The package that was characterized for both vendors is a 20 pin
ceramic dual-in-line. The pin configuration for this package is sham in
Figure 7.2 for both vendors. At the time of characterization. Vendor I
offered a 7OnS device while Vendor J offered four versions with access
times ranging from 55ns to lOOnS. All device inputs and outputs for both

vendors are TTL compatible. Fully static circuitry is used which
requires no clocks or refreshing and provides equal access and cycle
tImes.
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Pin I

Vendor I

P in I . -

Vendor J

Fipre 7.1 Die Photos - l6Kxl Static RAN. (14.84X)
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AO 1 20 VCC AO C 1 20 VCC

A2 C-2 19 Al Al C 2 19 A13
A4 C 3 18 A3 A2 C 3 18 A12
A6 C 4 17 A5 A3 C 4 17 All

A8 5 16 A7 A4 5 16 A1O
A0 - 6 15 A9 A5 6 15 A9
A12 7 14 All A6 7 14 AS
DOUT 8 13 A13 DOUT 8 13 A7
WE 9 12 DIN U1 9 12 DIN
ND "10 11 CS GND 10 11 CS

Vendor I Vendor J

Figure 7.2 16Yxl Static RAM Pin Configuration
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7.2 Incoming Test

All devices from each vendor passed the incoming test.

7.3 DC Parameters

The DC parameters and test conditions specified by the two menu-
facturers are listed in Table 7.3. All parameters except input thres-
holds were measured at -55. 0. 25. 70. 100, and 1259C.

Table 7.3 Vendor Specified DC Parameters

Vendor I Vendor J
Symbol Parameter "in max "in aR Unit

vcC supply voltage 4.5 5.5 4.5 5.5 v

loci Supply Current - 90 - 50 M
(Static - D)

ICC2 Supply Current - 120 - 50 MA
(Dynamic - AC)

ICC3 Supply Current - 30 - 20 OR
(Standby)

IlL, Input Leakage -10 -10 - 5 UA
11H Current

IOLZ. Output Leakage -50 50 - 5 uA
Ion1 Current

VIL Low Level Input -2.0 0.8 -. 5 0.6 v
Voltage

VIM High Level Input 2.4 6.0 2.2 6.0 V
oltage

VOL LOW Level Output - 0.4 - 0.4 V
oltage IOLalLA I0L=A

VON High Level Output 2.4 - 2.4 - V
Volta" IO--4mA IOHI-4mA
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7.3.1 Leakage Current

Input Leakage Currents. IIH and IIL, and Output Leakage currents.
OLZ and IOHZ, were well below the manufacturer's specified maximm
limits. All were less than lOOnA.

7.3.2 Logic Output Voltage (VON. VOL)

All devices passed the specified VONl limit at the six tempera-
tures. The average of the minimtmu VON values are plotted in Figure 7.3.
Each vendor specifies the same output current condition (MOM) of -4ma.
The plot in Figure 7.3 shows Vendor I with a lower average minimimm VOC
than Vendor J. VON for Vendor I tends to decrease with temperature while
VON for Vendor J increases.

A plot of average maximum VOL values for both vendors Is shown in

Figure 7.4. All devices passed their maximum specified VOL limit for all
temperatures. VOL for Vendor J is an average of 100mV less than Vendor
A. Both plots in Figure 7.4 illustrate that as temperature increases VOL
increases.

7.3.3 Input Logic Level Sensitivity

Access time sensitivity to various input logic levels was deter-
mined ior 2 devices from both vendors. Three different cases of input
logic levels were used:

CASE 1: VIL a O.OV, VIH - 2.OV

CASE 2: VIL - 0.6V. VIH a 2.4V
CASE 3: VIL a O.4V. VIH - 3.OV

As the input voltage levels were varied, measurements ware made
of access time (TAVQV) at 25*C with VCC levels of 4.5V, 5.V. and 5.5
volts. TAVQV for the three cases of input conditions is given in
Table 7.4.
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Table 7.4 Access Times for 3 Different Cases of Input Logic Levels
at 250C

Vendor I

S/W VCC TAVQV TAVQV TAVQV
Case 1 Case 2 Case 3

1 4.5 43.48 43.48 43.48
5.0 43.48 36.79 38.79
5.5 43.48 36.45 37.62

5 4.5 38.79 38.79 36.79
5.0 38.79 35.27 36.45
5.5 39.96 35.27 36.45

Vendor 3

S/M VCC TAVQJ TAVQV TAQV
Case 1 Case 2 Case 3

1 4.5 39.96 39.96 39.96
5.0 39.96 36.45 36.45
5.5 38.79 34.1 34.1

5 4.5 39.96 38.79 39.96
5.0 38.79 35.27 36.45
5.5 38.79 32.93 32.93

The data in Table 7.4 shows little sensitivity to the three applied
logic level conditions. Vendor I shows a slightly greater shift in
access time than Vendor J. At VCC - 5.5V the average change in access
time from Case I (41.7ns) to Case 2 (35.9ns) is 5.85nS. Vendor J for
VCC a 5.5V displays an average shift of 5.27nS from Case 1 to Case 2.
Access time decreases slightly for both vendors as VCC increases from
4.5V to 5.5V.

7.3.4 Supply Current (CC)

The three supply current measurements performed at six teperatures
are as follows:

a.) lCCI - measured in static DC state
b.) ICC2 - measured in active WBAD/VRIT state
c.) ICC3 - measured during standby
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All supply current measurements were well within the manufacturer's
specifications. Average values of lCC1 and ICC2 versus temperature are
shown in Figures 7.5 and 7.6 respectively. An average of ICC3 versus
temperature Is shown in Figure 7.7.

7.3.5 Input/Output Pin Capacitance

Capacitance measurements were performed on all pins except VCC and
OND for five devices from each vendor. Tables 7.Sa and 7.Sb indicate the
Min, Avg and Max capacitance values per pin along with the specified
maximum limits.

The input and output pin capacitance values for both vendors were
found to be within the specified maximum limits.

Table 7.5a Vendor I Min. Avg and fax Input/Output Pin Capacitance

Pin Min Avg fax Limits Units

AO-A13 1.5 2.0 3.3 4 pf
DOUT 4.8 4.8 4.8 7 pf
we 2.1 2.1 2.1 4 pf
Cs 2 2 2 4 pf
DIM 1.8 1.8 1.8 4 pf

Table 7.5b Vendor J Kin. Avg and Max input/utput Pin Capacitance

Pin Min Avg fax Limits Units

AO-A13 2.1 2.5 3.5 5 pf
001FT 3.4 3.4 3.4 6 pf A

WR 3.2 3.2 3.2 5 pf
CS 2.3 2.3 2.3 5 pf
DIM 2.1 2.1 2.1 5 pf

I 13
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7.4 AC Characterization

The AC parameters that were characterized and their vendor specified
limits are listed in Table 7.6. Wer to Appendix B for timing parameter
abbreviations used in this section.

Table 7.6 Vendor Limits for AC Parameters

Vendor I Vendor J
Min max Min max

TAVQV - 65nS - 85nS
TELQV - 70nS - 85nS
TAVWL 8nS - 0
TAXQX OnS - 5

7.4.1 Vendor I AC Parameters

The four timing parameters characterized were TAVQV. TBLQV. TAVWL.
and TAkXQX.

7.4.1.1 Address and Chip Enable Access Time

Plots of Address Access Time (TAVQV) for Vendor I at -55. 0. 25.
70, 100. and 125*C are shown in Figure 7.8. The plot of ?AVQV for
VCC - 4.5V and 5.5V shows a sensitivity to the two temperature extremes
(-550C. 1250C). At VCC - 5.5V. the high temperature sensitivity is not
as pronounced as at 4.5V. The plots show that TAVQV for both VoCs is
within the specified limits.

Figure 7.9 shows plots of Chip Enable Access Time (TZLQV) versus
temperature for the two VCC levels. At 4.5V there is some sensitivity to
low temperature. From 0OC to 125*C. TRLQV increases from an average of
45nS to 58.5nS. At 5.5V. TRLQV is less temperature dependent than at
4.5V. The largest average variation is 4.5nS.

7.4.1.2 Address Setup Time

Address Setup Time (TAVVL) at the six temperatures and two VCC
levels is plotted in Figure 7.10. For both levels of VCC. T WL
increases with an increase of temperature. YAVWL is an average of 4nS
higher at 5.5V than at 4.5V.
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7.4.1.3 Address to Invalid Data Output

Plots of Address to Data Invalid (TAXQX) are shown in Figure 7.11.

TAXQX increases with temperature for both levels of VCC and is only an
average of 2nS higher for VCC - 4.5V. Average TAXQX is slightly less
linear for the 5.5V case.

7.4.1.4 Other Vendor I Parameters

Six other parameters were tested over the specified range of
temperature and VCC. These six parameters are Chip Deselect Time
(TUW4 ). Write Pulse Width (TWLWK). Chip Select Setup Time (TKLWH), Data
Setup Time (TDVWH), Address Hold Time (TWHAX), and Data Hold Time
(TWHDX). All measured values of these parameters for the 23 tested
devices were found to be within the vendor's specified limits.

7.4.2 Vendor 3 AC Parameters

The AC characterization also measured TAVQV. TELQV. TAVWL and TAXQX

for Vendor J. There were no recorded failures for this vendor at the two
VCC levels (4.5V. 5.5V).

7.4.2.1 Address and Chip Enable Access Time

Address Access Time (TAVQV) is shown in Figure 7.12. TAVQV at
VCC - 4.5V is an average of 3nS higher than at 5.5V. Access time at 5.5V
displays some low temperature sensitivity which can be seen in the
maximum value plot. All measurements of TAVQV were within Vendor i's
specified limits.

Chip Enable Access times (T3LQV). plotted in Figure 7.13, were
similar at both levels of VCC. Chip Enable Access time is an average of
3 to 4nS higher for VCC - 4.5V. All devices characterized were within

the specified limits for TELQV at the six temperatures and two levels of
VCC.

7.4.2.2 Address Setup Time

Figure 7.14 shows a (min, avg. max) plot of Address Setup Time
(TAVWL) for VCC a 4.5V and 5.5v and the six temperatures. TAVWL
decreases with an increase of temperature for both levels of VCC. At
S.5V. TAVWL is an average of 3.5nS greater than at 4.5v. The plot at
5.5V also displays the same basic trend for the minimum and maximum
curves. All measurements of ?AWL at both Vccs were within Vendor i's
specified limits.
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1.4.2.3 Address to Invalid Output

The Address to Invalid Output parameter (TAXQX) for the vendor J

device is plotted In Figure 7.15. Both plots display an increase in
TAXQX with increasing temperature. TAXQX for VCC - 4.5V to an average of

3 to 4nS higher than at 5.5V. There were no recorded failures of TAXQX
at the six specified temperatures and two VCC levels.

7.4.2.4 Other Vendor J Parameters

The other parameters tested for Vendor J at the six temperatures and

two levels of VCC were TZIQZ. TWLWK, TRLVH. TDWH. TNHAX, and TWHDX. All

measured values of these parameters were found to be within the
specifications for Vendor J.

7.4.3 Vendor 1. Vendor J Output Disable Time

A bench test was used to measure when the output reached a high

impedance state. Output Disable Time was measured as output current
decreased to zero. Table 7.7 lists data for both vendors. Ten devices

from each vendor were tested in the VH and VOL logic states. Vendor 3

is an average of 4 ns faster than Vendor I when the output turns off from

either logic state (VON or VOL). Output disable time is an average of 2

ns faster when turning off from the VOH logic state than the VOL state.

Table 7.7a Output Disable Time - Output initially at VOH

Vendor I Vendor J

S/N TOHQ Unit S/N TOHNQ Unit

4 13 nsec 1 10 nsec

5 13 2 11
7 14 3 10

10 14 4 9
11 15 5 10

12 13 6 9
15 13 7 12

17 15 8 10

19 13 10 10

20 14 11 10

163

-7



TAXQX (n-sec) VCC - 4.5V

MAXIMUM

AVERAGE z

MINIMUM

•- -

-.1 K 6>_i. A-__ ! ,1 , 1 . 1 , 1 ,1
4 -4 -U I U 1 C U U M U IC

TEMPERATURE (C)

TAXQX (n-sec) VCC - 5.5V

MAXIMUM

MINIMUM

A VERAGE

4--

.2 -- /-J-~/

a - -41 0 0 0 U U 13 1 In

TEMPERATURE (C)

Figure 7.15 Vendor J - Address to Invalid Data Output
Time vs. Temperature

164

4 .4



Table 1.7b Output Disable Time - Output initially at VL

Vendor I Vendor 3
S/N TONQZ Unit S/N 20"M Unit

4 14 nsec 1 12 nrec
5 15 2 13
7 16 3 12

10 15 4 12
11 11 5 12
12 16 6 11
15 16 17 13
17 19 a 12
19 15 10 12
20 16 11 12

7.4.4. AC Characterization summary

For all access and setup times, Vendor I was slightly slower than
Vendor J. Vendor I also exhibited some sensitivity to the temperature
extremes.

Output disable time was also slightly higher for Vendor 1. than for
Vendor 3.

7.5 Pattern Sensitivity

Twenty devices from each vendor were subjected to March. Gallop, and
Address Complement test patterns to determine their access time
sensitivity at 250C and VCC - 5V. Data was taken at logic levels of
VIH - 2.0v. VIL - 0.6V and VIH - 3.OV, VIL - 0.4V. Table 7.8 lists
average worst case access times for the three test patterns at each set
of logic levels. Overall, the access time sensitivity to the March.
Gallop. and Address Complement test patterns for both vendors is minimal.

Both the March and the Address Complement patterns yield access times
similar to the Gallop but require significantly less execution time.
Therefore, either the larch or Address Complement test is preferred for
the slash sheet. The Address Complement pattern exercised the address
decode circuitry more dynamically than the March because of its
complementing action each memory cycle. It is expected that this will be
more effective than the March In detecting decoder response problem.
(The Gallop pattern has long been considered one of the most effective
address decoder tests but its long execution time is a significant
disadvantage.)
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Table 7.8 Test Pattern vs. Worst Case Access TIe.(TAVQV)

at 25*C and VCC - 5V

CASE 1: VIH = 2.OV, VIL - 0.8V

MARCH GALLOP ADDRESS COMPLEMENT

Vendor I 24.5ns 24.5ns 24.5ns
(avg. of 20 devices)

Vendor J 16.4ns 17.5ns 16.5ns
(avg. of 20 devices)

CASE 2: VIH - 3.0V, VIL a 0.4V

MARCH GALLOP ADDRESS CVHPLIMT

Vendor I 24.3ns 24.2ns 24.5ns
(avg. of 20 devices)

Vendor J 14.7ns 13.Ons 13.Ons
(avg. of 20 devices)

7.6 Power-On Readiness

Power-on readiness testing was performed only on Vendor I devices
since only they employed a substrate bias generator. This test consisted
of two portions performed at 25"C:

1.) bench measurement of the substrate voltage stabilization time.
2.) automatic measurement of the delay time between power-on and

reliable device operation.

The stabilization measurement was the time needed for the substrate
bias to reach the -3V nominal value. This measurement was performed on
only three devices since these had an external substrate contact. All
three exhibited a 70 usec stabilization time.

Power-on readiness data displayed in Figure 7.16 was taken on five
devices at various temperatures. Four out of five devices exhibited
similar but non-linear behavior. A trend is established between 250C
and 1100C. But, for the four devices, this trend does not apply at low
temperatures. A single device. 613. exhibited the sm trend at all
temperatures.
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7.7 Introduction (2K X 8 Static RAMS)

Three separate 2K X 8 devices, the Mostek 4802P, the Harris 11-6516.
and the IDT 6116LP. were originally characterized on this contract. The

hostek 4802P has since been discontinued. therefore the focus of this

discussion is on the IDT and Harris devices only.

The IDT 6116P and the Harris MI-6516 are both 16K CMO5 Static Rams

organized as 2K X 8. The Harris device is constructed utilizing an all
COes process, whereas, IDT is a mixed MOS process employing an N-NlDS
memory array surrounded by a CMOS periphery. Both devices feature

individual chip enable and output enable functions. These functions,
along with the byte wide configuration. make them ideally suited to

microprocessor based systems. The 6516 is a synchronous device. i.e. the
address inputs are 'latched' by the falling edge of the chip enable
pulse. Because of this, the 6516 has no address access time as such.
but instead has an access time which is the sum of the address set-up
time and the chip enable access time. The vendor designations for each
device will be as follows:

Harris "1-6516 Vendor D

IDT 6116LP Vendor J

Table 7.9 summarizes the device part number, date codes, specified

access times. and lot quantities.

Table 7.9 Devices Procured For Characterization

Vendor Part No. Access Time Date Code Quantity

D "1-6516-8 250 8145 25

3 6116L 150 8249 24

Photos of the dies from each vendor are shown in Figure 7.17. while

Table 7.10 below gives the chip dimensions.

The devices were packaged in 24 pin ceramic dual-in-line dips whose
pin configurations are shown in Figure '.18. Although the Harris device
is synchronous. both vendors were pin for pin compatible.

Table 7.10 2K X 8 Static Ram Chip Dimensions

Vendor Length (m) Width (m) Area (sq. m)

D 5.94 5.11 30.35

J 5.16 4.06 20.95
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7.8 Incoming Test

All devices from each vendor passed the incoming test.

7.9 DC Parameters

The DC parameters and test conditions specified by the two
manufacturers are listed in Table 7.11. All parameters were tested at
-55"C. 0"C, 25"C. 70"C. 1009C. and 125"C.

Table 7.11 vendor Specified DC Parameters

Vendor D Vendor J

Symbol Parameter Min Max Min PAZ

IIH.IIL Input Leakage Current -1.0 +l.0uA - 2.OuA

VOL Output Voltage Low - 0.45V - 0.4V

VOH Output Voltage High 2.4V - 2.4V -

I=0C Supply Current (Active) - 2OmA - 60mA

ICC2 Supply Current (Standby) - 100uA - 12mR

7.9.1 Leakage Current (IIH.IIL)

The leakage currents for Vendors D and J were typical of similar
CMOS devices and were all well within +/- 1.0uA. Since the magnitudes of
these currents approach the measurement capabilities of the 8-3270 test
system, general trends could not be discerned and therefore will not be
discussed.

7.9.2 Output Voltage High (VO)

For VOH, both the magnitudes and the general trends are different.
Vendor D exhibits a decreasing VOH measurement as temperature increases
while Vendor J's output voltage high increases with temperature (see
Figures 7.19a and 7.20a). worst case magnitudes for Vendor D are 4.44
volts at -556C to 4.34 volts at 1259C. For Vendor 3. 3.52 volts at
-55"C and 3.84 volts at +1250C are the worst case magnitudes. All values
were well above the 2.4 volt minimum VON as specified by the vendors.
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7.9.3 Output Voltage Low (VOL)

The magnitudes and general trends for both vendors were very similar
for VOL. Both exhibited increasing VOL for Increasing temperature with
worst case magnitudes of 90mV at -55*C to 275mv at +1250C(see Figures
7.19b and 7.20b). Although Vendor J yielded a significantly tighter
spread between maximum and minimum values all values were well below the
vendor specified VOL maximum of 450mV.

7.9.4 Active Supply Current (ICCI and ICC2)

The active supply currents were measured with the device in a
constant read cycle (MCI) and In a constant write cycle (ICC2). For
vendor J the difference between ICCI and ICC2 was insignificant; i.e. the
active supply current was not affected by the type of cycle or operation
being performed. These values were found to be decreasing for increasing
temperature. with worst case magnitudes being 57.5mA at -55"C to 27.M
at *125*c. below the 60mA maximum specified by the vendor. The active
supply current for Vendor D was approximately 4mA higher for a write
operation than for a read operation(see Figure 7.21a, b. and c). This
sensitivity may be ignored when considering the fact that it is less than
5% of the maximum specified limit. Worst case magnitudes for Vendor D
were 10mA at -55"C and IlimA at +125"C. again, well within the specified
1 imits.

7.9.5 Input/Output Pin Capacitance

Table 7.12a Vendor D Min. Av,. and Max Pin Capacitance

Pin Min Avg Max Limit

AO-Alo 2.0 2.45 4.1 8pf
R.W.O 2.55 3.8 4.7 Spf
DQO-DQ7 4.15 5.2 6.15 lopf

Table 7.12b vendor J Min. Avg. and Max Pin Capacitance

Pin Min Avg Max Limit

A0-AI0 3.4 4.1 5.9 6pf
EW. 3.7 4.2 4.9 6pf
DQO-DQ7 5.1 5.6 6.2 apf
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7.10 AC Characterization

The AC parameters and their vendor specified limits are listed In
Table 7.13. Refer to Appendix 3 for abbreviations and waveform symbols
used In this secti101.

Table 7.13 Vendor Limits for AC parameters

Vendor D Vendor J
Min Max Min PlAZ Unit

TAVQV ---- 150 nsec
T3LQV -- 250 -- 150
TAVEL 10 -- 20 -
TOIIQ3 - 100 -- 50

* not applicable to vendor D

7.10.1 Address Access Time (TAYQ)

This parameter applies to Vendor J only. TAVQV was measured while
employing a march pattern (see Appendix C) with VCat 4.5 volts and
again at VCC at 5.5 volts. The average address access time at 4.5 volts
increased from 80 nsec at -55*C to 92 nsec at *125*C In a relatively
linear fashion(see Figures 7.22a and 7.22b). Worst case measurements
were 102 nsec maximum at 706C and 72 nsec minimm at -55*C. With a VCC
of 4 5.5 volts, the average access times were 118 nsec at -55*C.
decreasing to 62 nsec at 0*C. From OOC to +125*C the curve remained
relatively flat.

7.10.2 Chip Enable Access Tim (T3LQV)

For Vendor J. the trends for chip enable access times at 4.5 volts
VCC and 5.5 volts VCC are very similar to thoee for address access times.
The magnitudes were less with the average T0LQV at 4.5 volts VC
Increasing from 62 nsec at -550C to 63 nsec at *125*C in a linear
fashion. As with the TAVQV, the average chip enable access time at 5.5
volts VC decreased steeply from 74 nsec at -556C to 55 nsec at 0OC and
(refer to Figures 1.23a and 7.23b) then Increased slightly to 62 nsec at
4125*C. Minimu values ranged from 44 nsec at -55*C to 60 nsec at
*125*C. Vendor D exhibited similar behavior with chip enable access
times at VCC-4.5 volts increasing from 65 nsec at -55*C to 115 nsec at
*125OC(see Figures 7.24a. b. and 0).
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7.10.3 Address Setup Time (TAVEL)

vendor D devices exhibited a slight sensitivity to both temperature
and VCC(see Figures 7.25a. b, and c). The general trends were for
decreasing setup time with increasing VCC and increasing setup time with
increasing temperature. At a VCC of 4.5 volts . setup times increased
from 8 nsec at -55*C to 14 nsec at +1250C and at a VCC of 5.5 volts.
TAVEL increased from 7 nsec at -550C to 12.5 nsec at *125*C (average
values). Although these values exceed the vendor's minimum specification
of 10 nsec, it Is important to note that the only specification sheets
available at the time of this writing were a product preview sheet and an
advance information sheet. The data indicates that the Vendor J
specification of 20 nsec appears to be more adequate than that of Vendor
D. Vendor J devices displayed significantly different behavior than that
of Vendor D with setup times decreasing with increasing temperature and
very little sensitivity to VCC (less than 1 nsec between 4.5 and 5.5
volts VCC)(see Figures 7.26a and 7.26b). The average TAVEL values for
vendor J were 7.4 nsec at -550C increasing linearly to 11.5 nsec at + 125
C at a VCC of 4.5V. For VCC - 5.5V TAVEL was found to be 6.8 nsec at -55
C increasing linearly to 10.5 nsec at +125'C. All values were well
within the vendors specified minimum of 20 nsec.

7.10.4 Output Disable Time (TOHQZ)

Availability problems with Vendor D devices resulted in their being
received very late in the contract. This precluded the bench testing of
output buffer turn-off time and pattern sensitivity. Ten Vendor 3
devices were bench tested for TOHQ. The data is presented in Table 7.14
below:

Table 7.14 Output Disable Time - Vendor J

S/N From VOL From VON unit

50 12 10 nsec
51 11 10
52 10 9
53 11 11
54 12 11
55 12 11
56 12 11
57 11 10
58 12 12
59 12 11

All T measurements were well below the manufacturers specified
maximum limit of 50 nec.
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Figure 7.26a Vendor J -Address Setup Tim (VCC-4.5V)
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Figure 7.26b Vendor J -Address Setup Tim (VCC-5.5V)
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7.10.5 Comparison of Vendors' AC Characteristics

Despite Vendor D's 250 nsec maximum access time specification,
their AC performance was remarkably similar to that of Vendor J devices.
Address setup times (TAVEL) for both vendors were in the 5 to 20 nsec
range. Average access time comparisons are shown in Table 7.15 below.

Table 7.15 Comparison of Average Access Times

Vendor D Vendor J

-556C 70 nsec 80 nsec
VCC=4.5V 250C 92 86

125*C 125 92

-556C 60 nsec 118 nsec
VCC-5.5V 25"C 81 80

125*C 108 80

With the exception of two extremes. i.e. VCC-4.5V at *125*C and
VCC-5.5V at -55"C. both vendors are within 30 nsec of one another. This

is significant in view of the fact that the difference in the
specifications is 100 nsec. In both cases, the address access time and
chip enable access time specifications are more than adequate.
The synchronous mode of the Vendor D device is clearly a differentiating
aspect.

7.11 Pattern Sensitivity

Pattern sensitivity testing was accomplished using various types of
patterns and measuring the resulting address access times. Since the
Vendor D devices are synchronous, address patterns Impact the data access
time very little, and thus sensitivity testing was not performed. Six
vendor J devices were tested for pattern sensitivity. Patterns and their
corresponding address access times are shown in Table 7.16.
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Table 7.16 vendor J- Pattern Sensitivity for Six Devices

Vendor J S/N Units

Pattern 50 51 52 53 55 56 nsec

Galloping Address 61.7 53.9 59.8 65.6 59.8 59.8

March 59.8 53.9 59.8 65.6 59.8 59.8

Inter-Write 59.8 53.9 57.8 61.7 59.8 59.8
Recovery

Address Complement 59.8 53.9 59.8 65.6 59.8 59.8

Galloping Row 57.9 53.9 55.9 61.7 57.8 59.8

Galloping Column 57.9 52 55.9 59.8 57.8 57.8

Inter-Write 59.8 52 55.9 59.8 57.8 57.8
Recovery (Row)

Inter-Write 57.9 52 55.9 61.7 57.8 57.8
Recovery (Column)

All measurements were made at 256C. Tris data indicates that Vendor
J devices are essentially not sensitive to the various pattern types.
The worst case difference among the various patterns was 5.8 nsec with
the average delta being 3.2 nsec.
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8. PAL16R8

8.1 Introduction

The PAL16R8 is one ot a number ot array logic devices employing

fusible link technology to implement relatively complex boolean

tunctions. The device technology is bipolar and the circuit Is arranged

in a sum-oL-products contiguration to tacilitate the programming of

various logic tunctions. The PAL16R8 consists of 64 AND gates each with

32 programmable inputs. These AND gates are arranged in groups ot eight

with the output ot each feeding a tixed OR gate. The output ot the OR
gate is latched and ted back to the Inputs thereby facilitating not only

combinatorial tunctions but sequential functions as well.

Sources tor the devices were Monolithic Memories Incorporated (MKI)

and National Semiconductor (2nd source tor MI). These two manutacturers

will hencetorth be referred to as Vendor F and Vendor I respectively.

Die photos are shown in Figure 8.1 and the pin configuration tor the
device is shown in Figure 8.2. Device quantities received, as well as
part numbers and date codes are shown in Table 8.1 below and chip
dimensions are displayed in Table 8.2.

Table 8.1 Devices Provided for Characterization

Vendor Part No. Date Code Quantity

F 16R8J 8201 20

F 16R81J 8125 10

B 16RBCJ 8216 10

B 16RSCJ 8219 10

Table 8.2 16R8 PAL Chip Dimensions

Vendor Length (m) Vidth (m) Area (sq. m)

F 3.58 3.38 12.10

3 3.51 3.38 11.86

Programming ot the devices was accomplished on a Data I/O system 19

PROM Programmer and the Tektronix S-3270 test system. Programming

capability on the S-3270 was developed primarily to characterize the

device programing parameters. Four separate tuse patterns were

developed such that all internal nodes could be excercised and all

tusible links within the device could be collectively programmed. These

patterns are illustrated in Appendix I.
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VENDOR F

FIGURE 8.1 DIE PHOTOS - 16K X8 PAL (14.84X)
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CLK c 1 20 3 VCC

10 - 2 19 3 07

I1 C 3 18 3 o6

12 r- 4 17 3 05

13 C 5 16 3 04

14 r- 6 15 3 03

15 r- 7 14 - 02

16 C 8 13:2 01

17 C 9 12 = 00

GND 1 I0 11 = OE

Vendor B, Vendor F

Figure 8.2 16R8 PAL Pin Configuration
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8.2 Incoming Test

Rll devices passed the incoming test.

6.3 DC parameters

The PAL16R~s exhibited DC behavior typical of bipolar devices. The
parameters characterized include supply currents. Input clam diode
measurements, output voltage high and low measurements. output short
circuit current. and input voltage threshold measurements. Test data was
obtained using standard test techniques an an automatic tester.

The DC characterization of the PALl6RS was accomplished utilizing
the following DC parameters and conditions as sham in Table 6.3.

Table 8.3 Vendor Specified Limits for DC Parameters

VWDOR B VWOR F
SYMBOL PARANUTER MN "SX MIX MaX UIT

VOC supply voltage 4.5 5.5 4.5 5.5 Volt

ICCH Supply current (VCC=5.5V) IS0 225 OR

ICCL Supply current CVCC-4.SV)

IlL input current low -0.25 -0.25 mR

IIH input current high 25 25 uft

Vic input clm diode voltage -1.5 -1.5 volt

VOL output voltage low 0.5 0.5 volt

VON output voltage high 2.4 2.4 volt

zoo output short circuit current -30 -130 -30 -130 mR

VTII Input threshold voltage 0.6 2.0 0.6 2.0 Volt

Following Is a summary and analysis of the data obtained during
characterization of these PAL devices.
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8.3.1 Input Leakage Current (IIL.IIH)

Input leakage currents I1K and IIL were measured by forcing worst
case conditions of 2.4V VIM and 0.4V VIL at VCC - 5.5V on each input.
All leakage currents were well within the specifications set forth by the
vendors over the full temperature range(See Figures 8.3 and 8.4).

6.3.2 Logic Output Voltage (VOK.VOL)

The output voltage measurements were accomplished by first applying
the proper stimulus to achieve the desired output state. low or high.
Secondly. the output was forced with the appropriate current. IOL - l2mA
and ION a -2.OmA for VOL and VON respectively and the resulting voltage
measured. VCC was set to the minimum of 4.5V and the input logic levels
were 0.8v and 2.0V for VIL and vIN respectively. The spread between
maximm and minima VOL measurement was approximately 100mY with the
average VOL being 30O0v at -550C and decreasing at a fairly linear rate
to 250mV at 125"C(See Figures 8.5 and 8.6). VON, on the other hand, was
increasing with temperature with the average 2.SV at -55*C rising to 3.4V
at 1259C. All values exceeded the specified minimum at 2.4V over the
full N1L temp range.

8.3.3 Input Voltage Threshold (VTH)

Threshold voltage was obtained by incrementing or decrementing the
input logic levels in 100V increments until the appropriate change
occurred at the outputs. This process was repeated on each pin to obtain
individual threshold voltages. To account for hysteresis. an average of
two threshold measurements, one obtained by incrementing from VIL and the
other by decrementing from VIM, was taken as the threshold value. The
general trend for VTH was to decrease linearly with increasing
temperature(Figures 8.7 and 8.8). Typical values ranged from 1.66 volts
at -550C to 1.2 volts at *125*C. The nominal value at *250C was
approximately 1.52 volts which is well within and close to the center of
the maxims VIL specification of 0.8V and the mininum VON specification
of 2.OV. Although no vendor specification. as such. exists for VTtH, the
parameter was predictable and well behaved as expected.

8.3.4 Supply Current (ICC)

Supply current was measured in two separate modes, high and low.
I=01 was the supply current measurment with VCC set at 5.5V (maximum
supply voltage) and all inputs grounded. The average high level supply
current exhibited slightly decreasing magnitude with increasing
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temperature(See Figures 8.9 and 8.10). All data was well below the
maximum specified supply current of OM with the average current being
145mA. Supply current low level (ICCL) was measured with a VCC of 4.5V
and averaged approximately J0mA.

8.3.5 Input Clamp Diode Voltage (VIC)

The input clamp diode voltage measurements were effected by forcing
a current of I8mA out of the clamping diode and measuring the voltage
across it. The resulting data exhibited a classical curve over
temperature which is characterized by extreme linearity and increasing
voltage with increasing temperature(Figures 8.11 and 8.13). Again, this
is due to the P-N junction's direct proportionality to temperature in
degrees kelvin. The average slope of this curve for both vendors was
1.2mV/ C. The vendor specified limit of -1.5V maximum is sufficient with
the worst case maximum value being -900MV at -55*C.

8.3.6 Output Short Circuit Current (IOS)

The minimum vendor specification of -30mA appears to be somewhat
marginal while the maximum of -130mA is quite liberal with the maximum
measured value being -7OmA at -551C and increasing (more positive) with
increasing temperature(See Figures 8.12 and 8.14). Overall, the average
output short circuit current values were well within the specified vendor
limits over the full mil temp range.

8.3.7 1/O Capacitance

I/O capacitance measurements were taken on each input and
input/output pin of all devices at a frequency of I Mz. Each
measurement was made with respect to the ground pin on the device with no
supply voltage applied. Table 8.4a and 8.4b are representations of I/O
capacitance measurements for selected Vendor F and Vendor a devices:
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Figure 8.10a Vendor F -Low Level Supply Current (VCC *4.5V)

NanoI

Fiur .10 edr7 Hg ee upyCret(C .V

____200

IC -- Ac

I.A



.4

49 4 -

mm -

-m-

. A,

.4t

41 .4 1 I* 3 41 U U 31 U3'

Figure 8.11 Vendor B - Input. CI Ip Diode Voltage (VCC - 4.5V)

imm
.3

4

4 I 4 II I I • l

Fig~lure 8.12 Vndor IB - Output Short Circuit Curremt (VCC - 5.5V)

201L1



WY-W

,Lgure 8131 Vendor F -Input Clamp iode Voltage (VCC -4.5V)

in av
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Table .4& - Vendor M - 1/O Capacitance

Pin 8 S/3 - 21 S/ - / S3 - 36 Max Limit Unit

1 22.5 23 22.5 Not Available' pf
2 13 13 13
3 10.7 10.8 10.5
4 9.1 9 6.9
5 7.9 7.9 7.6
6 7.8 7.9 7.7
7 9 9 8.8
a 10.6 10.8 10.5
9 14 14 13.6

11 22.4 24 23.3
12 20 20.5 20
13 12.1 12.6 12.5
14 10.5 10.6 10.6
15 10 10.3 10.1
16 10 10.3 10.2
17 10.5 10.7 10.7
18 12.5 12.6 12.7
19 20.8 20.7 20.4

Table 8.4b - Vendor F - 1/O Capacitance

Pin8 SI - 50 S/ - 60 5/M - 64 MaxLimit Unit

1 18.5 17.5 18 Not Available pf
2 10.5 10.1 10.5
3 8.7 6.4 8.6
4 8.3 8.1 8.5
5 7.7 7.5 7.7
6 7.8 7.4 7.8
7 8.2 7.9 8.3
8 8.6 8.2 8.5
9 12 11.5 12
11 16 18.4 18
12 24 24 22.6
13 11 11 11.5
14 10.5 10 10.5
15 10.3 10 10.5
16 10.4 10.2 10.4
17 10.4 10.3 10.5
16 11.3 11.1 11.2
19 16.5 16.1 16.3
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8.4 AC Parameters
The AC characterization of the PAL6S8 was accomplished utilizing

the following parameters and conditions as shown in Table 8.5.

Table 8.5 AC Parameters for the PAL16R8 (Vendors 8 and F)

Parameter Symbol Min max Units

clock Pulse width High TCHCL 25 --- nsec

Clock Pulse Width Low TCLCH 25 ---

Input to Clock Setup Time TCHAV 45 ---

Input to Clock Hold Time TCHAX 0 ---

Clock High to Data Valid TCHDV --- 25

Output Buffer Turn-on Time TOLQX --- 25

Output Buffer Turn-off Time TOHQ- 25

Maximum Operating Frequency fmax 14 --- MHZ

8.4.1 Maximum Operating Frequency

Minimum period measurements were derived as the sum of TCHCL and
TCLCH(See Figures 8.15 and 8.16). At 25"C the maximum operating
frequency of the PALl6R8 increases with increasing VCC. The average
maximum frequency ranges from approximately 32MHz at VCC - 4.25V to 40MHz
at VCC a 5.75V with a nominal maximum frequency of approximately 37mz
at 5.0 Volts VCC. This Is significantly better than the minimum
specified frequency of 14mNz as indicated in slash 504. The trend at -55
C is similar although slightly less pronounced with the average maximum
frequency ranging from 2MHz at 4.25V V= to approximately 36MHz at
VCC - 5.75V. The data at 125"C exhibits a significantly flatter curve
with the average maximum at 4.25V VCC being 26MHz and 24mz at
VCC a 5.75V.

8.4.2 Address Setup Time

TCHAV (Setup time) for the PALl6R8 is defined as the time a stable
address is required at the inputs before the output registers may be
clocked. The general trend is for decreasing setup time with increasing
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VCC. This is as expected since the major contributor to setup time is
the propagation delay through the device. At 259C the average setup
time ranges from 26 nsec at VOC a 4.25 Volts to 20 nsec at VOC a 5.75V in
a relatively linear fashionl(See Figure 8.17). At -550C the values are
slightly higher with TCHAV being 30 nsec at VCC - 4.25V to 21 nsec at
VCC - 5.75 Volts: again. a relatively linear curve. The curve at 1250C
is somewhat compressed with setup times of 2S nsec to 25 nec for supply
voltages of 4.25 Volts to 5.75 Volts respectively. Over the military
temperature range all values were well within the maximim allowable setup
time of 45 nsac.

8.4.3 Address Hold Time

TCHAX (Address Hold Time) is the time that a stable address is
required to exist after the application of the output register clocking
pulse. Typically, hold times are negative due to the finite decay time
of internal circuit nodes. Again, the hold time vs. supply voltage
curves over the military temperature range are relatively linear(See
Figure 18). The slopes are positive indicating an increasing hold time
for increasing VCC. At 25"C hold times vary from -22nS at 4.15V VOC to
-l?nS at 5.75V VCC. At 550C the slope was slightly steeper with an S
variation over the V range. i.e., -23n5 to -l5nS for VCU of 4.25V to

5.75V. The data for 125"C is over the supply voltage range. All values
easily meet the 0 nsec minima requirement for address hold time and are
significantly better than the -15 nsec typical value specified in the
vendor data sheets.

8.4.4 Clock High to Data Valid

TCKDV (Clock High to Data Valid) is essentially an access time
measured from the leading clock edge to valid data out. All TCHDV
measurements were below the vendor specified maxim limit of 25 nsec
over the full military temperature range. Over the VOC range (4.25 Volts
to 5.75 Volts) TCHDV varied from 16 nsec to 20 nsec at 256C

(See Figure 8.19). At -55*C the slope of the curve was less steep with
an excursion from 23 nsec to 21 nsec for increasing VCC. TCHDV was a
flat curve with less than a I nsec variation at 125*C.

6.4.5 Output Buffer Turn-on Time

ToLQX is output buffer turn-on time and is defined as the time from
the output disable (OD-Pin 611) rising edge to a valid data output. The
data at 256C exhibits a negatively sloped curve with decreasing turn-on
time for increasing VCC(See Figure 6.20). Average values were 16 nsec at

4.25 Volts to 12 nsc at 5.75 VCC. This trend was relatively
unaffected by temperature and all values were well within the 25 nsec
maximm limit specified by the vendor.
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8.5 Programinq Parameters

Prior to the characterization of the PALS, they were programmed on

the s-3270 by applying nominal programing parameters. To characterize

the devices, they were programmed with the minimua programing parameters

given in Table 8.6. These parameters were reduced by 10% each pass until
a device failed to program.

Table 8.6 Programing Parameters for the PALl6RS (Vendors a and F)

Parameters Symbol Min Max Units

Program Level Input Voltage VIIH- 12 Volts

Program Level Input Current 11101
Output program pulse --- 50 mA
o/D. L/R --- 25 mA
All other inputs 5 mA

Program Supply Current ICCH --- 400 mA

Program Pulse Width TPHPL 10 50 usec
td 100 --- nsec

The two timing parameters that were varied were td, delay time. and

tp, the didth of the programing pulse. The voltage parameter that was
varied was VIHH. the program level input voltage. These parameters were

varied independently with the fixed parameter set at the specified

minimum value. 1.e. while characterizing the timing parameters. VIHIH was

set at 11.0 volts and while varying VZHH. td and tp were set to 100 nsec

and 10 usec respectively. The results of this characterization is as

follows: Vendor S. S/N 72. programmed at the minima specified timing
setting of td a 100 nsec and tp - 10 usec. Vendor a. S/N's 76 and 77.
programmed at 10% below minimum. S/N's 73 and 75 failed to program at
20% below minimum. Vendor B. S/N's 74 and 78 failed to program with VIH
set 10% below the minimm specified limit of 11.0 volts. For Vendor F,
S/N IP programmed at the minimua specified programing parameters. S/N's
2P and 3P programmed at 20% below and 50% below the minimm specified
timing respectively. SIN's 4P and 5P both failed to program with VIM
set to 10% below minimua (i.e. 9.9 volts). This data indicates that
programIng is sensitive to the program-level input voltage but
relatively insensitive to program timing constraints. Since all devices

programmed at minimum timing and voltage level parameters, the vendor

programming specifications are adequate.
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APPINDIX A - Test Plan Example

1.0 Procurement

A minimum of 20 devices of each type will be procured and tested.
since 15 devices are required by the contract, the extra devices will
allow nome fall-out to occur without having to repeat testing for
replacements. The vendors selected will be per discussion between RADC
and Go. To aid in subsequent test development, a bit map for each device
type will be requested from the manufacturer.

2.0 Incoming Test

The devices will be tested on the Tektronix to verify continuity of
the programmable links and logic integrity of the unprogramed outputs.

The incoming test will not verify all DC parameters. but will detect
gross failures. The DC characterization which follows this initial
testing will serve to complete the function of incoming testing as well
as to profile the DC performance of each device.

3.0 DC Characterization

Data patterns used here will be those developed for AC functional
testing.

The following DC parameters will be measured at various temperatures
that will include as a minimm -55. 25. end 125*C. Other conditions as
indicated will also be applied.

3.1 Supply Current

The VCC supply will be measured with VCC - 5.5V.

3.2 Input Current
The Input current of all Input pins will be measured at

VIM + 0.0. 0.4. 2.4. and VCC. The VCC supply voltage will be set to
5.5v.

3.3 Input Clap Voltage

The forward bias voltage of the input protection diodes will be
measured while forcing the maximm specified bias current.
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3.4 Output Leakage

For those devices with tri-state outputs, the output current will be
measured while all outputs are disabled and VCC a max. The measurement
will be performed while externally applying 0.0. 0.4. 2.4. and VOC to the
output.

3.5 Output Voltage

VON - Output logic high voltage will be measured while the output is
sourcing the manufacturer's maximum specified current.

VOL - Output logic low voltage will be measured while the output is
sinking the manufacturer's maximua specified current.

3.6 Input/utput Capacitance

The capacitance of all input/output pins on a minimum of five
devices will be measured at a frequency of IH~z.

3.7 Output Short Circuit Current

With the output initially In the logic high state and VCC at
maximau, the output will be momentarily shorted to ground while measuring
the current sourced by the output. This test will be followed by a
second set of output voltage tests to insure that no damage resulted from
the short circuit condition.

3.8 Input Thresholds

The switching thresholds of at least three device inputs will be
determined at -55. 25. and 125*C with VCC - 4.5. 5.0. and 5.5V.

The measurement technique will use VIH and VIL levels of 3.0 and 0.0
volts respectively on all those pins not currently selected for threshold
measurement. When determining the VIH threshold for the selected pin.
VIL will be at 0.0 volts. An input pattern will be applied to the inputs
while monitoring outputs for correct logic states and response times.
For each execution of the pattern VIM. on the selected pin. will be
incrementally increased until the value is found at which the device
passes.

When VIL threshold is being determined. VIM on the selected pin will
be set to 2.0 volts. VIL then will be incrementally decreased at each
execution of the pattern until the device passes.
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The threshold tests will be performed at -55, 25, and 1250C with
VCOC 4.5. 5.0. and 5.5 volts.

4.0 AC Characterization

The AC parameters will be measured under various teperature and
voltage conditions that will include the following as a minimum unless
otherwise indicated:

Teperature - -55. 25. and 125"C

VOC - 4.25. 4.50. 4.15. 5.0. 5.25. 5.5. and 5.15V
VIM - 2.0. 2.4. 3.OV
VIL - 0.6. 0.6. 0.4V

The output voltage comare levels will be set at the manufacturer
specified minimm VON and VOL limits.

The parmeters that will be measured are:

a.) maximum propagation time of the input to output asynchronous
data paths

b.) maximm propagation time of clock inputs
c.) clock widths
d.) setup times
a.) hold times
f.) maximum clock frequency of synchronous circuits - in the event

the maximum clock frequency exceeds the automatic test
equipment capability, a bench test will be performed at limited
Vcc and logic levels.

The AC parmeters will be measured using selected patterns. Since
each device can have only one of the selected patterns not all
propagation delays can be verified in a single device. However. the
various patterns used will collectively verify the propagation integrity
of the device design and will verify that any fuse can be progrined.

A load circuit. as shown in Figure 2.3 in section 2 will be
connected to each output during the AC testing. Resistor DL will be
selected to provide the maximum load current at the maximu allowed
output logic low voltage. M will provide maximum load current for the
minimum allowed logic high output voltage. The SOpF capacitance Includes
the parasitic capacitance of the test equipment.

215



5.0 Programming Characteristics

The proposed plan for the programmable logic devices is to select
various programming parameter values within the manufacturer's specified
minimum and maximum values and sufficiently below the minimum values to
verify that the limits are adequate. The maximum values will not be
exceeded to avoid damage to the devices.

The characterization will apply various combinations of the
following parameters to each device (within the limits of the programming
hardware):

program level input voltage
program pulse width
dtiay time from programming voltage to programming pulse
verify protect input voltage
verify protect pulse width

In addition, the program supply current, program level input current
and verify protect input current will be measured while programming
selected fuses in at least five different devices.

6.0 Burn-In

The effect of the programming parameters is assigned to some extent
by pattern verification. However, a burn-in period is recommended to
provide a more rigorous set of conditions for checking the integrity of
the open fuse. This is especially important here, because many fuses
will receive minimum program parameters possibly resulting in an
incomplete fuse burn. A minimum of 160 hours of dynamic burn-in is
suggested. An additional burn-in (life test) can be performed if time
and schedule permits.
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APPUWDIX a - Special Diagram and Definitions

Timing par ame ter abbreviations-

All timing abbreviations use upper case characters with no sub-
script*. The Initial character Is always T and Is followed by four
descriptors. These characters specify two signal points arranged
ina "from to" sequence that define a timing interval. The two
descriptors for each signal point specify the signal nmw and the
signal transition. Thus the formt Is:

T X x X X

Signal name from which Interval Is defined
Transition direction for first signal
Signal name to which Interval is defined
Transition direction for second signal

a. Signal definitions:

A-Address
DaData In
0-Data out
3-Chip-enable
0-Output-enable
PaProgrami (VPP) pulse

b. Transition definitions:

H-TransIt ion to high
L-Transit ion to low
V-Transition to valid
X-Transition to invalid or dont care
Z-Transition to off (high Impedance)

PULSE VPP

The exmle shows Chip-enable setup tim defined as TWLIK time
from chip-enable low to programi pulse high.
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RPPENDIX C - Data Pattern Descriptions

Marching Pattern - RAM

This pattern is used to test for bit independence and address
uniqueness. A variation of the pattern is also used to check that data
cannot be written into the device when it is deselected. The basic March
pattern is performed in the following sequence:

Step 1 - write the array with background data.
Step 2 - Read the entire memory for background data.
Step 3 - Read address location zero for background data.
Step 4 - Write address location zero with complement data.
Step 5 - Read address location zero for complement data.
Step 6 - Repeat steps 3 through 5 for each address location.
Step 7 - Repeat steps 3 through 6 using complement data and

addresses the decrement from maximum.
Step 8 - Repeat steps 3 through 7 with complement data.

When verifying that data cannot be written while the chip is deselected.
the pattern is performed in the following sequence:

Step 1 - Write the array with background data.
Step 2 - Read the entire memory for background data.
Step 3 - Read address location zero for background data.
Step 4 - Deselect the device and attempt to write complement data

at location zero.
Step 5 - Read address location to verify that complement data was

not written into location zero.

Step 6 - Repeat steps 3 through 5 for all addresses.
Step 7 - Repeat steps 1 through 7 with complement data.

Marching Pattern - RON

Step 1 - Starting with address zero. read all addresses in
increasing sequential order.

Step 2 - Starting with the maximum address, read all addresses in
decreasing sequential order.
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Address Comptement Pattern - RAN

Step I - Write Is and Os alternately into the array.
Step 2 - Read Is at address location zero.
Step 3 - Write 0s at address location zero.
Step 4 - Read 0s at coiplesmnt address location.
Step 5 - Write Is at this address location.
Step 6 - Read Os at address location one.
Step 7 - Write Is at address location one.
Step 8 - Read I at the complement address location.
Step 9 - Write Os at this address location.
Step 10 - Repeat steps 2 through 9 until finished with every

address in the array.
Step 11 - Read out data pattern from memory.
Step 12 - Repeat steps I through 11 with complement data.

Address Complement Pattern - RON

Step 1 - Read date at address zero.
Step 2 - Read data at complement address.
Step 3 - Read data at address one.
Step 4 - Read data at complement address.
Step 5 - Continue sequence until all addresses have been read.

Row Complement Pattern - RAN

Step I - Write Is and Os alternately within each columm.
Step 2 - Read Is at the first row address in the first column.
Step 3 - Write Os at the same location.
Step 4 - Read Os at the complement row address location in the

same column.
Step 5 - Write Is at this complement row address location.
Step 6 - Read Os at the second row address location.
Step 7 - Write Is at the second row address location.
Step 8 - Read Is at the complement-second-row address location.
Step 9 - Write Os at this complement-second-row address location.
Step 10 - Repeat steps 2 through 9 until finished with every row

address in that column.
- Step 11 - Repeat steps 2 through 10 for the remaining columns.
* Step 12 - Read out data pattern from memory.

Step 13 - Repeat steps 1 through 12 with complement data.

2
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Row Complement Pattern - RON

Step 1 - Read first row in the first column.
Step 2 - Read the complement row in the first column.
Step 3 - Read the second row in the first column.
Step 4 - Read the complement row in the first column.
Step 5 - Continue the sequence until all rows in the first column

have been read.
Step 6 - Repeat steps I through 5 at each column in each row until

the entire memory has been read.

Column Complement Pattern - RMN

Step I - Write Is and Os alternately within each row.
Step 2 - Read Is at the first column address in the first row.
Step 3 - Write Os at the same location.
Step 4 - Read Os at the complement column address location in

the same row.
Step 5 - Write Is at this complement column address location.
Step 6 - Read Os at the second column address location.
Step 7 - Write Is at the second column address location.
Step 8 - Read Is at the complement-second-column address location.
Step 9 - Write 0 at this complement-second-column address location.
Step 10 - Repeat steps 2 through 9 until finished with every

column-address in that row.
Step 11 - Repeat steps 2 through 10 for the remaining rows.
Step 12 - Read out data pattern from memory.
Step 13 - Repeat steps 1 through 12 with complement data.

Column Complement Pattern - RON

Step I - Read first colun in the first row.
Step 2 - Read complement column in the first row.
Step 3 - Read second column in the first row.
Step 4 - Read complement column in the first row.
Step 5 - Continue the sequence until all columns in the first row

have been read.
Step 6 - Repeat steps 1 through 5 at each row until the entire

memory has been read.
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Galloping Address Pattern - RAN

This pattern Is used to check memory access time between one address
and every other address. It is performed in the following mannec:

Step I - Write a background pattern throughout the memory.
Step 2 - Read the array for the background pattern.
Step 3 - Select address zero as the test word location.
Step 4 - Write the complement of the background data at the test

word location.
Step 5 - Kxecute the following sequence:

Read the test location
Read the test location +1
Read the test location
Read the test location 42
Read the test location

Continue the sequence until all locations have been read.

Step 6 - Write the background data into the test word location.
Step 7 - Select test word location +1 as the next test word

location.
Step 8 - Repeat steps 4. 5. and 6.
Step 9 - Repeat steps 7 and 8 until all addresses have been the test

word location.
Step 10 - Repeat steps I through 9 with complement background data.

Galloping Address Pattern - RON

Step I - Select addresp zero as the test location.
Step 2 - execute the following sequence:

Read the test location
Read the test location 41
Read the test location
Read the test location 42
Read the test location

Continue the sequence until all locations have been reed.

Step 3 - Select test location 41 as the next test location.
Step 4 -Repeat step 2.
Step 5 - Repeat step 3 and 4 until all addresses hav been the toot

location.
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